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PBEFACE. 



Thp genehal pureose I have had in view in writing 
the present treatise will he gathered :from the intro- 
ductory pages ; but I wish to offer here a few remarks^ 
on'^bertain points of detail. 

It wiU be seen that on many of the subjects dealt 
with in this work, I have propounded views which 
differ from^ those usually accepted. I have not done 
-Tthis from any love of novelty, nor from any desire to 
" attract attention by Uzarre or fanciful theories. Each 
of the new views here presented has been the result 
" of a careful study of the subject dealt with, and I have 
searched as anxiously for considerations opposed to 
any novel theory, as for arguments, in its favour. If 
others should be more.,successful than I have been in 
finding reasons for rejecting any of my views, I shall 
be ready to abandon them without regret. I trust I 
am free from that weakness which forces a man to 
regard every theory he has once advocated as a matter 
to be defended at all hazards. Sfo weakness more 
mischievously affects the work of the student of science. 
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PREFACE. 

r 

As Faraday said, " Truth should be the primary object 
of the philosopher;’ and this can never be the case if, 
where he imagines he holds a theory, the theory has 
in truth possession of Mm. 

Some among my readers will recognise in the views 
here presented, the growth of ideas which I have dealt 
with consecutively, with more or less Tulness, in 
the pages of several quarterly, monthly, and weekly 
serials, and in one of our leading daily news- 
papers. I refer to this, because it has happened to 
me several times lately to be accused of plagiarism, 
when I have had occasion, in developing fresh ideas 
on a subject, to repeat statements which (unknown of 

• r 

course to my accusers) had proceeded from my own 
pen. It is not often one is accused of stealing one’%, 
own ideas, but that is a pleasure I have more than 
once been enabled to enjoy of late, and I here 
present my compliments to those who (anonymously or® 
otherwise) have afforded me that luxury. 

Wherever it has been in accordance with the custom 
of any journal, however, I have always written under 
my own name. 

Since the manuscript of this work was placed in the 
printers hands, I have obtained fresh evidence on 
some of the theories dealt with in the following pages. 

One of the mo#t surprising phenomena ever wit- 
nessed by the telescopist — a phenomenon I had read 
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of long since, but had not thought of in connection 
with my subject — seems to me to afford stronger 
evidence than any adduced in the text, in favour of 
my theory that the major planets are subsidiary 
suns supplying heal: (if not a minute proportion of 
light even) to their satellites. I refer to the observa- 
tion made"" by Admiral Smyth, that on one occasion 
the second satellite of Jupiter, twelve minutes after 
entering on the disc of the planet, was seen outside 
the limb^ ^ where it remained four minutes, and then 
suMenly vanished.’ Two other equally competent 
observers, Maclear and Pearson, witnessed the same 
phenomenon. ^Here,’ says Webb, ^explanation is 
set at defiance.’ But it is precisely where explanation 
^eems set at defiance, that the true student of Nature 
is most hopeful of gaining instruction. The observa- 
tion is very startling, it is true ; and the explanation 
may be expected to be also surprising. But I think 
it is not far to seek. The satellite cannot^have re- 
traced its course ; Jupiter cannot have shifted his 
place ; our atmosphere cannot be in question : surely, 
when all these explanations are eliminated, our task 
is rendered easier instead of m^re difficult. A change 
of shape in Jupiter, corresponding to that which I 
have endeavoured to exhibit as explaining Saturn’s 
occasional assumption of the square-shouldered aspect, 
would obviously account for the phenomenon. We 
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know that Schroter suspected In apparent flattening 
of portions of Jupiter’s outline. Here we have an 
effective confirmation of that long-doubted observation. 
If we consider the matter rightly, the observation made 
simultaneously by Smyth, Macleaf, and Pearson, makes 
that view all but certain, which in the text I have 
presented only as a highly probable hypothesis. 

In preparing the Maps for my new Atlas (now neai'ly 
ready), I have detected signs of systematic aggrega- 
tion among stars visible to the naked eye, which seem 
to me to place beyond all question the fact that 'Sir 
William Herschel adopted an erroneous hypothesis as 
the basis of his system of star-gauging. The fact that 
about one-third of the lucid stars are collected in a 
region having the greater Magellanic Cloud nearly^ 
in its centre, and covering less than one-sixth of the 
heavens, has never yet, so far as I am aware, been 
noticed. Supplemented by other facts detected during ^ 
the work of transferring the stars of the British As- 
sociation Catalogue to my Maps, the existence of this 
rich region around the !Nrubecuj[a3 disposes at once of 
the hypothesis of a generally uniform distribution 
within the sidereal syStem. I shall be enabled, by 
Mr. Brothers’ kindness, to illustrate my Lecture on 
the Stars at the Eoyal Institution on May 6, by means 
of photographs of*>the Maps which thus conclusively 
(at least in my opinion) establish the theory that there 
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exist special and discernible laws of aggregation among 
the lucid stars. 

I may add in this place, that it is not the case, as 
has been recently asserted, that my theories respecting 
the sidereal system hkve been founded on the discovery 
that certain nebulsB are gaseous. That discovery, so 
far from t'emg opposed to the theories of Sir William 
Herschel, afforded most striking evidence of his wonder- 
ful reasoning powers, since he had been led to express 
his firm conviction that many nebulae are gaseous, had 
co^ifidently asserted that the Orion nebula is so, and 
had even anticipated the discovery of the variability 
of the irregular nebulse, recently effected by Le Sueur 
at Melbourne. 

r 

My theory respecting the sidereal system has been 
based on the signs of systematic aggregation among 
the lucid stars, and of a more intimate association of 
those stars with the Milky Way than could be ex- 
pected were Sir William HerscheFs fundamental 
theory correct. My first paper on the subject, in the 
^Intellectual Observe^ ’ for August 1867 , was entitled 
^ Notes on Star-Streams ; ’ and it was only while in- 
quiring into the nature of stellS,r aggregation that I was 
led to notice the laws of nebular distribution, and so 
to inquire into the relations between stars and nebulse. 
I take this opportunity of thankifig my kind friend, 
the editor of the ^ Intellectual Observer and Student,’ 
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for the exceptional liberality wifn. which he has found 
a place for views professedly opposed to generally re- 
ceived opinions. 

The theory brought forward in the chapter on 
MeteoxS and Comets is not altogether new. The 
general idea on which it is grounded has been dealt 
with by Mayer and Thomson^ while the r^ation be- 
tween the motions of discrete bodies and the formation 
of systems of orbs has been dealt with by Sir John 
Herschel, in considering his father’s hypotheses re- 
specting the nebulas. That idea^ however, presented 
itself independently to my mind when I was writing 
my treatise on Saturn (at which time my acquaintance 
with scientific literature was very limited incleed), and 
is definitely stated in Note B of the Appendix to that , 
work. The line of reasoning is wholly new, I believe, 
by which I have endeavoured to show that those pecu- 
liarities of the solar system which have hitherto been 
regarded ^as affording the strongest objection to the 
hypothesis of development, may be regarded as in 
reality the direct result of the processes by which the 
solar system has reached its present condition. In the 
preface to my treatise •on Saturn I touched on the 
possibility that some such explanation of those pecu- 
liarities might be found, remarking, that in the rings 
of Saturn astronomers may one day recognise the 
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action of the process&s by which the solar system has 
attained its present state. 

In the chapter on the Sun I have entered at some 

length into the subject of the solar corona, partly be- 
<1 

cause that subject h full of interest in view ‘"of the 
approaching total solar eclipse visible in the south of 
Europe, End partly because 1 have seen with regret 
that an erroneous theory of the corona has been 
recently promulgated, which seems likely at the present 
conjuncture to affect mischievously the progress of re- 
SQftrch into this interesting question of solar physics. 
I have heard with much pleasure that the Astronomer 
Royal, at the last meeting of the Astronomical Society, 
altogether repudiated any share in starting this theory. 

o 

Although I had seen his name associated with it, 
I had always thought it incredible that a mathematician 
so skilful and clear-sighted should have advanced or 
adopted so ill-considered a hypothesis. 

I tender my best thanks to Mr. browning, 
F.R,A.S., for the beautiful coloured pictures of 
flupiter and Saturn, which illustrate the chapters on 
those planets; and to Mr. Brothers, P.R.A.S., for his 
careful revision of the proof Sheets, and the detection 
of more than one error which had escaped my scrutiny. 

EiOHAED a. PiftOCTOR. 

# 


London: April 12, 1870. 
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INTRODUCTION. 

Astronomy and Geology owe much of their charm 
to the fact tjiat they suggest thoughts of other forms of 
life than th^se with which we are familiar. Geology 
teaches us of days when this earth was peopled with 
•strange creatures such as now are not found upon its 
surface. We turn our thoughts to the epochs when 
•(Jiose monsters throve and multiplied, and picture to 
ourselves the appearance which our earth then pre- 
sented. Strange forms of vegetation clothe the scene 
which the mind’s eye dwells upon. The air is heavily 
laden with moisture to'^ nourish the abundant flora; 
hideous regtiles crawl over their slimy domain, battling 
with each other or with the denizens of the forest ; 
huge bat-like creatures sweep through the dusky 
twilight which constituted the primeval day weird 
monsters pursue their prey amid tKb ocean depths: 
and w^ forget, as we dwell upon the strange forms 

B 
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which existed in those long pflist .ages, that the scene 
now presented by the earth is no less wonderful, and 
that the records of our time may perhaps seem one day 
as perplexing as we now find those of the geological 
eras^ 

Astronomy has a kindred charm. We cannot in- 
deed examiue the actual substance of living creatures 
existing upon other celestial bodies ; we *cannot even 
picture to ourselves their appearance or qualities ; and 
only in a few instances can we even form any con- 
ception of tlie conditions under which they live. But 
we see proofs on all sides, that besides the world on 
which we live, other worlds exist as well cared for and 
as nobly planned. Nay, we see globes by the side of 
which our earth would seem but as a tiny speck ; we 
trace these globes as they sweep with sjately motion 
on their appointed courses ; we watch the return of 
day on the broad expanse of their surface ; and we see" 
systems of satellites which are suspended as lights for 
their nocturnal skies. We further find that our sun 
matches by a thousand thousand suns amid the im- 
measurable depths of space ; and the mind’s eye pic- 
tures other worlds like those which course around the 
sun, travelling in stately ofbits around his fellow 
luminaries. ^ 

m 

Long, however, before the wonders of modern astro- 
nomy had been revealed to us, men of inquiring minds 
seem to have been led, as by an irresistible instinct, to 
examine into theJ'resemblance which may exist between 
our world and other worlds surrounding it on every 



INTRODUCTION. 


3 

hand. It has not befti the mere fanciful theoriser 
who has discussed such questions^ but men of the 
highest eminence in science. In long past ages Anax- 
imander and Pythagoras studied the subject of other 
worlds than ours; later, such men as Huyg]>ens, 
Galileo, and Newton have dwelt upon the same inte- 
resting theme ; while, in our own day, Whewell and 
Brewster have employed their scientific and dialectic 
skill in defending rival theories upon the subject. 

Undoubtedly a large share of the interest with 
which the question of other worlds than ours has been 
rega,j;ded, is due to the fact that, as the science of as- 
tronomy has progressed, the subject has continually 
presented itself under new aspects. The question, in 
fact, is one of those which are ever new and ever old. 
It has all th« charm belonging to subjects which men 
in all ages have delighted to discuss, while it is asso- 
ciated in the most intimate manner with the progress 
of modern science. With what a charm of novelty, 
for instance, the discussion between Whewell and 
Brewster invested the subject. No doubt ^ large 
portion of that charm was due to the personal qualities 
of the ‘two disputants. Yet, despite the skill with 
which each of them presented the arguments belonging 
to his own# side of the controversy, few could have 
read with any interest a discussion on a subject so 
well worn, had it not been that the arguments were 
drawn from the discoveries which had recently been 
made by astronomers. Nor was it Uninteresting to 
notice how these discoveries at once seemed to acquire 
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a new interest when they w§re associated with the 
subject of life in other worlds. Facts which had 
attracted little notice at the time of their discovery, at 
once assumed importance, when it was seen how they 
bore^on the rival views which ^V^ewell and Brewster 
were enforcing. The interest with which the public 
regard many of those discoveries may, indeed, be said 
to date from the controversy between those eminent 
men. 

No very Ipng interval, if we count by years, has 
elapsed since the ^Plurality of Worlds,’ and ^More^ 
Worlds than One ’ were written. Yet so rapidly has 
science progressed, that already the subject of life in 
other worlds has assumed a new aspect. Arguments 
'vfhich were hypothetical thirty years agCH' have either 
become certainties or been disproved. Doubtful points 
have been cleared up ; a new meaning has been found 
even in those facts which were well known to both the 
disputants; and lastly, a new mode of research has 
been devised, which has not only revealed a number of 
surprising facts, but promises to work yet greater 
marvels in the years which are to come. 

One is thus invited to discuss anew a subject* which 
but a few years since seemed thoroughly sifted by 
the inquiries of the Jwo eminent philosophers I have 
named. We stand in a position much more favourable 
for the formation of just views than that from which 
Whewell and Brewster surveyed the planetary and 
stellar systems. ** Never, since men first explored the 
celestial depths, has a series of more startling die- 
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coveries rewarded th# labours of astronomers and 
physicists than during the past few years. Unhoped- 
for revelations have been made on every side. Ana- 
logies the most interesting have brought the distant 
orbs of heaven into close relationship with our«own 
earth or with the central luminary of the planetary 
scheme. And a lesson has been taught us which bears 
even more significantly on our views respecting the 
existence of other worlds : we have learned to recog- 
nise within the solar system, and within the wondrous 
galaxy of which our sun is a constituent orb, a variety 
of structure and a complexity of detail, of which but a 
few years ago astronomers had formed but the most 
inadequate conceptions. 

My object, then, in the pages which follow, is mt 
solely to establish the thesis that there are other worlds 
than ours, but to present, in a new and I hope interesting 
'‘light, the marvellous discoveries which have rewarded 
recent scientific researches. Judged merely according 
to their direct significance, these discoveries are well 
calculated to excite our admiration for the wonderful 
works of God in his universe, and for the far-reaching 
scope of the mental powers which He has given to his 
creature Man, But it is when we consider recent 
discoveries in their relation to the existence of other 
worlds, when we attempt to form a conception of the 
immense varieties of the forms of life corresponding 
to the innumerable varieties of cosmical structure dis- 
closed by modern researches, that ^e recognise the 
full significance of those discoveries. Although the 
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growtli of our knowledge is 'ever accompanied by a 
proportional growth of our estimate of the unknown, 
we seem already entitled to say that we have 

Come on that wMch is, and caught 
The deep pulsations of the world, 

-Ionian music, measuring out 
The steps of time. 
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CHAPTEE 1. 

WHAT OUR EARTH TEACHES US. 

Before proceeding to consider the various circum- 
stances under which the worlds or systems which 
surround us appear to subsist, it may be well to 
inquire how far we have reason to conclude, from the 
consideration of our own earth and its inhabitants, 
that the Qreator has designed the orbs which exist 
throughout ^pace for the support of living creatures. 

It would not be just to argue directly from the fact 
^ that the earth is inhabited to the conclusion that the 
other planets are inhabited also, nor thence to the con- 
clusion that other stars have, like our sun, their attend- 
ant worlds, peopled with various forms of Iffe. An 
analogy founded on a single instance has no logical 
force. And it is doubtful whether we have not, in the 
moon, an instance whicSi would as effectually serve to 
support directly opposite conclusion. It seems all 
but certain, as we shall presently have occasion to 
show, that no part of the moon’s globe is inhabited by 
living creatures. Certainly she is inhabited by none 
which bear the least resemblance tcT those existing on 
our earth. Thus it might fairly be urged, that since 
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one of tJie two orbs respecting:' which we know most 
appears to be uninhabited, there remains no probable 
argument in favour of the view that other orbs besides 
our earth are the abode of living creatures. 

Yet the earth in reality supplies an argument of 
great force, when we consider thd evidence she presents 
in another light. The mere fact that this world is in- 
habited is, as we have seen, little ; but we shall find 
that the way in which life is distributed over the 
earth’s surface is full of significance. 

If we range over the earth, from the arctic regions 
to the torrid zone, we find that none of the peculiai'ities 
which mark the several regions of our globe suffice to 
banish life from its surface. In the bitter cold within 
tl^e arctic circles, with their strange alternations of long 
summer days and long winter nights, theiivfrozen seas, 
perennial ice, and scanty vegetation, life flourishes in a 
hundred various forms. On the other hand, the torrid " 
zone, with its blazing heat, its long-continued droughts, 
its strange absence of true seasonal changes, and it^f* 
trying Alternations of oppressive calms and fiercely 
raging hurricanes, nourishes even more numerous 
and more various forms of life than either of the great 
temperate zones. Around mothitain summits as in the 
depths of the most secluded valleys, in mid-Qicean as iu 
the arid desert, in the air as beneath the surface of the 
earth, we find a myriad forms of life. 

But this is far from being all. Various as are the 
physic^ habitud€5S which we encounter as we travel 
over the surface of our globe, we are able to trace the 
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existence of other ^sarieties even more rfimarkable. 
The geologist has been able to turn back a few leaves 
of the earth’s past history, and though the pages have 
been defaced and mutilated by Time’s unsparing hand, 
he is yet able to read in them of many strange vicissi- 
tudes to which the (Continents and oceans of our globe 
have been exposed. But, far back as he can trace the 
earth’s history, and already he counts her age by mil- 
lions of years,* he finds no evidence of an epoch when 
life was absent from her surface. Nay, if he reads 
aright the mysterious lesson which the blurred letters 
teach him, he is led to believe that, at the most distant 
epoch to which his researches have extended, there 
was the same wonderful variety in the forms of life 
as at the jpresent day. He can, indeed, find the spat- 
tered remains of only a few of those old-world 
creatures ; but he recognises, in those which have been 
preserved, the clearest evidence that thousands of 
others must have existed around them. He knows, 
^ that of a million creatures now existing, scarcely one 
will leave to future ages any record of its Existence ; 

* The results of the recent deep-sea dredging expeditions, though 
they have an obvious bearing on the question of the relative ages of the 
vanous strata of our earth, ds> not appreciably affect our estimate of the 
range of time during which this world has been the abode of living 
creatures. cWe can no longer assume that adjacent rochs which differ in 
character are necessarily different in age : but we have enough evidence 
from superimposed strata, to prove the enormous antiquity of the earlier 
formations. The researches of Dr. Carpenter and his fellow-workers 
have a most important bearing, however, on the subject of the present 
chapter, and supply a more forceful analogy, ]^rhaps, than flhy dwelt on 
in the text, in favour of the view that, under the widest varieties of con- 
dition, Nature may be most prodigal of life. 
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he sees whole races vanishing frQm the earth, leaving 
no trace behind them ; and he is thus able to form an 
estimate of the enormous extent by which the creatures 
and races of which he can learn nothing must have out- 
numb^ed those whose scattered remains attest their 
former existence upon the earth. 

Here, then, we have analogies which there is no 
mistaking. We see, that not only is Nature careful to 
fill all available space with Ihung forms, but that no 
time over which our researches extend has found her 
less prodigal of life. We see that, within very wide 
limits, she has a singular power of adapting livimg 
creatures to the circumstances which surround them. 
Nor is this lesson affected — ^like the general lesson 
drawn from the mere fact of the earth’s being inhabited 
— ^by anything we can learn from the aspect of our 
satellite. For the arguments against the presence of 
living creatures on the moon are founded on the evi- 
dence* we have that the physical habitudes of that orb 
are outside the limits — ^wide as they seem to be — r 
within v^ch Nature can effect the adaptation we have 
spoken of. 

In fact, if we consider rightly, the argument which 
has been drawn from the moon’s^presumed unfitness to 
be the abode of living creatures, is so founded on ter- 
restrial analogies as to leave the contrary argument 
unaffected. We have to assume that the argument 
drawn from the analogy of the earth is forceful before 
we can form any ofinion at all respecting the moon’s 
habitability. And in any case, no argument can be 
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drawn from the mooif^ imfitness for the suppor^N^, life, 
against the view that where orbs fit for the suppdS^^f- 
life exist, there Nature has provided such classes of 
living creatures as are adapted to the special habitudes 
of those orbs. ^ 

The moon teaches us, however, that the Creator 
has not intended all the celestial bodies to be at all 
times habitable. The sun also teaches the same lesson. 
And it is necessary that we should consider how far 
the evidence presented by our own earth may serve to 
elucidate this teaching. We shall see, as we proceed, 
th|it terrestrial analogies afford a very sure guide in 
the midst of many perplexities which the study of the 
worlds around us presents to our contemplation. 

Let us irace out the various degrees of fitness or«un- 
fitness for ^he support of particular forms of life, which 
we recognise in various regions of our earth. 

Often, where there exists so slight a difference be- 
tween two regions of the earth that, to ordinary obser- 
vation, it would appear that the forms of life existing in 
one should be well adapted to the other als6, we yet 
find that this is not the case. Some minute peculiarity 
of soil, or climate, or vegetation, will render one region 
absolutely uninhabitat)le by a race which lives and 
thrives in the other. Darwin mentions several in- 
stances in which an apparently insignificant change in 
the circumstances under which a particular race has 
thriven, and sometimes a change which does not, at 
first sight, appear to be in tibie least^connected with the 
well-being of the race, has led to its gradual disappear- 
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ance. And it seems demonstratejfl^ that even the slow 
processes of change to which every part of the earth is 
subjected, would suffice to destroy a number of the 
races now subsisting on its surface, were the character- 
istics (jf those races unalterable. But as the physical 
habitudes of their abode slowly "change, the various 
races of living creatures slowly change also, so as to 
adapt themselves continually to the varying circum- 
stances under which they live. 

The lesson taught us by this peculiarity is very 
obvious. On the one hand, we see that it would be by 
no means sufficient to indicate a general resemblance 
between the physical habitudes of our earth and those 
of some far distant planet, in order to prove that that 
plajaet is the abode of living creatures resemt)ling those 
on our own earth. But, on the other ha^d, we are 
taught that the existence of differences sufficient to 
render a distant planet an unsuitable abode for such " 
creatures as we are familiar with, cannot force upon us 
the conclusion that the planet is uninhabited. On the ^ 
contrary^ the circumstance we have been considering 
teaches us, that such differences as would suffice to 
banish life of certain kinds are insufficient to banish 
life of all hinds, or even to render less abundant the 
forms of life which exist under those changed condi- 
tions. 

And now we may proceed a step farther. On our 
earth we find differences of climate and of physical 
habitudes generalfy, which are much more important 
than those hitherto dealt with. We see that not only 
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would certain races jJIrish in the long run, if removed 
from their own abode to other parts of the earth, but 
that, in some instances, the process of destruction would 
be very rapid indeed. If we were to remove the polar 
bears from their arctic fastnesses to tropical, (jr even 
to the warmer parts of temperate regions, a very few 
years would see the end of the whole race. The races 
inhabiting steppes and prairies would quickly perish, if 
removed to mountain regions. Those accustomed to a 
moistureJaden air and abundant vegetation would not 
survive long if removed to the desert. 

J[n some races, indeed, we find a power of enduring 
such changes which very far exceeds that possessed by 
other races. Those creatures, for example, which man 
has domesticated seem capable of enduring a variety 
of climate* or of circumstances, which would destroy 
the seemingly more vigorous races which have not been 
subdued to the yoke of man.* 

Even man himself, however, though he possesses in 
an unrivalled degree the power of enduring in safety 
the most complete change of climate, scen^ and cir- 
cumstances, is yet limited, in a certain sense, in his 
power of migration. The Englishman, for example, 
can endure the fiercest heat of the tropics or the 
• 

* Humboldt tells us, that * the pliability of the organisation of those 
animals which man has subjected to his sway, enables horses, cows, and 
other species of European origin, to lead for a time an amphibious life, 
surrounded by crocodiles, water-serpents, and manatees. When the 
nvers return again to their beds, the hors^ roam m tiffe savannah, 
which is then spread over with a fine odonferous grass ; and enjoy, as in 
their native climate, the renewed vegetation of spring.’ 
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bitterest cold of arctic and aniarctic regions. But 
be cannot safely attempt to found true colonies in 
every part of tbe earth’s surface. Our countrymen in 
India must send their children to be reared in England, 
if they wish them to grow up strong and vigorous. 
There can be little doubt that^if a thousand men 
and women from this country were to settle in certain 
parts of India (not at any time intermarrying with the 
natives), the colony would have disappeared within a 
couple of centuries. 

Here we have a second degree of unfitness, accord- 
ing to which certain countries would quickly becoi;qie 
depopulated, if supplied with inhabitants from certain 
other countries. We are taught the same lesson as 
before, but in a more striking manner, r. We see 
that differences exist within the confines of our own 
earth, which render particular countries absolutely 
uninhabitable by particular races, insomuch that though 
the individual might survive, the race itself would 
quickly perish. And we see, on the other hand, that 
these countries are not uninhabited, or even less fully 
peopled with living creatures, than seemingly more 
fortunate abodes. 

Now, if some impassable barfier prevented the in- 
habitants of one country from visiting othejss, while 
yet it was possible to learn something of the conditions 
prevailing in other regions, how readily the conclusion 
might be reached, that some at least of those inac- 
cessible regions mTist be wholly uninhabited, simply 
because their physical habitudes appeared unsuited 
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to the wants of the^ only creatures with which the 
observer was familiar. Who would believe^ for ex- 
ample, that men can live, and not only live but thrive 
and multiply, in the frost-bound regions within the 
Arctic circle, if travellers had not visited the Esqtyimaux 
races, and witnessed* the conditions under which they 
subsist ? Again, if we knew nothing of India, and 
some one pictured to us the intense heat of the Indian 
sun, the strange alternations of weather which replace 
to the Indian the seasonal changes we are familiar 
with, and all the other circumstances which render 
tropical regions so different from our English home, 
who could believe that, amidst those seemingly un- 
endurable vicissitudes, there are races of men that 
thrive and. multiply, even as our people in their tem- 
perate zone ? ^ 

Therefore, in examining the circumstances of other 
• worlds than ours, it will not be sufficient to prove that 
certain orbs would obviously not be habitable by the 
•races subsisting on the earth, in order to enforce the 
conclusion that no living creatures subsist at^all upon 
their surface. 

Yet another step farther, however. There are 

« 

* Perliapi the most striking instance of man’s power of living under 
circumstances seemingly the most unfavourable, is to be found in the 
fact, that though the strongest traveller is affected seriously by the rarity 
of the air at great elevations, yet races of men live and thnve in Potosi, 
Bogota, and Quito, and — to use the words of a modem writer — that 
bull-fights should be possible at an elevation which Sauss^re hardly 
had energy to consult his instruments, and where even his guides fainted 
as they tried to dig a small hole in the snow. 
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regions of the earth where th^ individuals of races 
belonging to other regions quickly perish. The air of 
our own England is death to many creatures. And, 
indeed, there is not a spot in the whole world which 
would* not he fatal in a brief space to many animals and 
plants belonging to other regions. Yet each spot, 
though thus fatal to certain races, is inhabited by 
numbers of others, which live and thrive upon its surface. 

Here, then, is our third lesson. We are taught by 
the analogy of our earth, that it is not even sufficient 
to show that a planet would be an abode quickly fatal 
to all the living creatures subsisting on our globe,^to 
prove that it is therefore uninhabited. 

But we have yet a stronger argument to touch on. 
There are regions of our earth to which creatures from 
other regions cannot be removed without b^ing imme- 
diately killed. The warm-blooded animal perishes, if 
placed for a brief space under water. The fish perishes, 
if placed for a brief space on the earth."^ What could 
be more wonderful to us, were we not familiar with^ 
the factf than that there are living creatures within the 
depths of that ocean, beneath whose surface we our- 
selves, and the land creatures we are familiar with, 
cannot remain alive many millutes ? If fishes could 
reason, how could the;^ believe that creature^s can live 
in comfort in that element which is death to them ? 

* Perhaps thie fact that there are certain kinds of fish which can not 
only live <fiit of water, l^t can travel across the dry land or climb trees, 
affords an even more striking instance of Nature’s power of adapting 
creatures to the circumstances which surround them. 
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Yet land and river awi sea are alike peopled with 
living creatures^ each race as well adapted as its 
fellows to the circumstances in which it is placed. 

We are taught, then, yet another lesson. We see 
that even though we could prove that every living 
creature on this earth Vould at once perish if removed 
to another orb, yet we cannot thence conclude that 
that orb is ^uninhabited. On the contrary, the lesson 
conveyed by our earth’s analogy leads to the conclusion 
that many worlds may exist, abundantly supplied with 
living creatures of many different species, where yet 
evey^ form of life upon our earth — bird, beast, or fish, 
reptile, insect, or animalcule — would perish in a few 
moments.^ 

There remains yet a last lesson to be drawn froiga 
terrestrial analogies. On the earth there are regions 
where no form of life exists or can exist. Within the 
•darning crater of the volcano, or in the frozen heart of 
the iceberg, no living creature has its being. Yet even 

•* I might add to the instances here cited, many others which seem 
even more striking I have already referred to Dr Carpenter’s dis- 
covery, that in the depths of the Atlantic, where the pressure of the sea 
is so enormous that no ordinary instruments can resist its effects, where 
it had even been thought that no light can penetrate, there are myriads 
of living creatures having even organs of vision We know, too, that in 
strong acids which would instantly kill bird, beast, fish, or insect placed 
within them, tfeere exist and thrive minute creatures, adapted by Nature to 
the strange conditions in which they are placed. Even in the bowels of 
the earth and in the very neighbourhood of active volcanoes, we find the 
Volcano-fish existing in such countless thousands, that when they are 
from time to time vomited forth by tihe erupting mountain, their bodies 
are strewn over enormous regions, and as they pugrefy beneath €he sun’s 
rays, spread pestilence and disease among the inhabitants of the neigh- 
bouring districts. 


C 



I8 OTHER WORLDS THAN OURS. 

here Nature proves to us that-^he great end and aim of 
all her working Is to afford scope and room for new 
forms of life, or to supply the wants of those which 
already exist. The volcano will die out, and the 
scex\e of its activity will one day become the abode of 
myriads of living creatures whb would have perished 
in a moment in its consuming fires. The iceberg will 
melt, and its substance will once again be' peopled with 
busy life. But this is little. It is the work of which 
volcano and iceberg are the signs, which most signifi- 
cantly teaches us what is Nature’s real aim. The 
volcano is the index of those busy subterranean forces 
which are remodelling the earth’s frame, slowly chang- 
ing the level of the land, making continents of oceans 
and oceans of continents, preserving and^vivifying all 
things, while all things seem to suffer a gradual 
destruction. The iceberg, too, has its work in re- 
modelling and fashioning the surface of new continents: 
But it exhibits also the action of Nature for the present 
benefit of the creatures which exist upon the earl^fi. 
It acts an important part in the formation and main- 
tenance of the system of oceanic circulation on which 
the welfare of land creatures and water creatures so 
largely depends. And so 8f a multitude of other 
phenomena, which appear at first sight signi;^cant rather 
of the destructive than of the life-preserving character 
of Nature. The tornado and the thunder-storm, the 
earthg^uake and the volcano — nay, even the dreaded 
returns of pla^e and pestilence, have each a more 
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powerful influence hj ftr towards the preservation than 
they have towards the destruction of life. 

We see, then, that even when we can prove that an 
orb in space is so circumstanced that no life could by 
any possibility exist upon its surface ; if it yveve the 
scene of a fierce and destructive turmoil, one moment 
of which would sufifice to destroy every living creature 
now existing upon the earth ; if its whole mass were 
heated to a degree a thousandfold more intense than 
that of the fiercest heat we know of ; if its surface were 
bound in a cold compared with which our arctic frosts 
wogld seem like tropical heat ; or even if the most rapid 
alternation of these extremes took place upon and 
within it ; even then we could not conclude that the 
principal purpose for which the Almighty had creatSd 
it had not been the support of life, either in long past 
ages, or in ages yet to come. And lastly though we 
‘ could safely assert of any celestial object, that neither 
now, nor at any past or future time, could it serve as 
i|he abode of living creatures, yet we are Jed by 
terrestrial toalogies to the conclusion that it has yet 
been created to support life in other ways. So that 
those very orbs, of which it seems safest to assert that 
they are, have ever be^, and must ever remain un- 
inhabited,# speak to us, no less strongly than those 
whichappear best suited for habitation, of the existence 
of other worlds than ours. 
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CHAPTER IL 

WHAT WE LEARN FROM THE SUN. 

I DO notpropose to dwell in this chapter on the view^s 
which have been propounded respecting the sun’s 
habitability. It is not merely that I regard those 
views as too bizarre and fanciful to find place in a 
serious consideration of the subject I am dealing with, 
nbr that the progress of recent observation has rendered 
them utterly untenable, but that, in facVthey do not 
belong to what the sun teaches us. I wish to consider 
only the real evidence which the sun affords respecting^ 
the scheme of creation, to dwell upon the purposes 
which ^e subserves in the economy of the solar system, 
and thence to deduce a lesson respecting those other 
suns scattered throughout space, which we call the 
fixed stars. 

Let us first endeavour to form adequate conceptions 
respecting the dimensions of the great central luminary 
of the solar system. 

Let the reader consider a terrestrial globe three 
inchesfin diameter, and search out on that globe the 
tiny triangular speck which represents Great Britain. 
Then let him endeavour to picture the town in which 
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he lives as represented by the minutest pin-mark that 
could possibly be made upon this speck. He will then 
have formed some conception, though but an inadequate 
one, of the enormous dimensions of the earth’s globe, 
compared with the scene in which his daily life i§ cast. 
Now, on the same scale, the sun would be represented 
by a globe about twice the height of an ordinary 
sitting-room. A room about twenty-six feet in length, 
and height, and breadth, would be required to contain 
the representation of the sun’s globe on this scale, 
while the globe representing the earth could be placed 
in ^ moderately large goblet. 

Such is the body which sways the motions of the 
solar system. The largest of his family, the giant 
Jupiter, though of dimensions which dwarf those of the 
earth or Venus almost to nothingness, would yet only 
be represented by a thirty-two inch globe, on the scale 
which gives to the sun the enormous volume I have 
spoken of. Saturn would have a diameter of about 
♦twenty-eight inches, his ring measuring about five feet 
in its extreme span. Uranus and Neptune would be 
little more than a foot in diameter, and all the minor 
planets would be less than the three-inch earth. It 
will thus be seen that -ftie sun is a worthy centre of the 
great scheme he sways, even when we merely regard 
his dimensions. 

The sun outweighs fully 740 times the combined 
mass of all the planets which circle around ^him, so 
that when we regard the energy of his attraction, we 
still find him a worthy ruler of the planetary scheme. 
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But, after all, the enormous ^lume and mass of the 
sun form the least important of his characteristics as 
the ruling body of the solar system. It is when we 
contemplate him as the source whence the supplies 
of he^t and light required by our own world and the 
other planets are plentifully bestowed, that we see 
what is his chief office in the economy of the planetary 
scheme. 

Properly speaking, the physical constitution of the 
sun only requires to be dealt with in such a work as 
the present in so far as it is directly associated with 
the sun’s action upon the worlds around him, or a» it 
may hear on the question of the constitution of those 
worlds. But the subject is so interesting, and it would 
indeed be so difficult to draw a line of demarcation 
between the facts which bear upon the question of other 
worlds and those which do not, that I may be permitted 
to enter at some length into a consideration of the solar 
orb, as modern physical discoTeries present it to our 
contemplation. 

The study of solar physics may be said to have 
commenced with the discovery of the sun-spots, about 
260 years ago. These spots were presently found to 
traverse the solar disc in such a way as to indicate that 
the sun turns upon an. axis once in about twenty-six 
days. Ifor will this rotation appear slow, when we 
remember that it implies a motion of the equatorial 
parts of the sun’s surface at a rate exceeding some 
seventy times the motion of our swiftest express 
trains. 
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Next came the discoffery that the solar spots are not 
surface stains^ but deep cavities in the solar substance. 
The changes of appearance presented by the spots as 
they traverse the solar disc, led Dr. Wilson to form this 
theory so far back as 1779 ; but, strangely enough^ it is 
only in comparatively recent times that the hypothesis 
has been finally established, since even within the last 
ten years a theory was put forward which accounted 
satisfactorily for most of the changes of appearance 
observed in the spots, by supposing them to be due to 
solar clouds hanging suspended at a considerable ele- 
vation above the true photosphere. 

Sir William Herschel, reasoning from terrestrial 
analogies, was led to look on the spot-cavities as 
apertures th^^ough a double layer of clouds. He argued, 
that were the solar photosphere of any other nature, it 
would be past comprehension that vast openings should 
form in it, to remain open for months before they close 
up again. Whether we consider the enormous rapidity 
with which the spots form and with which their figure 
changes, or the length of time that many of them^emain 
visible, we find ourselves alike perplexed, unless we 
assume that the solar photosphere resembles a bed of 
clouds. Through a stratum of terrestrial clouds open- 
ings may fee formed by atmosph;pric disturbances, but 
while undisturbed the clouds will retain any form once 
impressed upon them, for a length of time correspond- 
ing to the weeks and months during which th^^ solar 
spots endure. 

And because the solar spots present two distinct 



24 


OTHER WORLDS THAN OURS, 


varieties of light, the faint jJ^mimbra and the dark 
umbra or nucleus, Herschel saw the necessity of assum- 
ing that there are two beds of clouds, the outer self- 
luminous and constituting the true solar photosphere, 
the inner reflecting the light received from the outer 
layer, and so shielding the real surface of the sun from 
the intense light and heat which it would otherwise 
receive. 

But while recent discoveries have confirmed Sir 
William HerscheFs theory about the solar cloud- 
envelopes, they have by no means given countenance 
to his view that the body of the sun may possibly^ be 
cool. The darkness of the nucleus of a spot is found, 
on the contrary, to give proof that in that neighbour- 
hood the sun is hotter, because it parts Jess readily 
with its heat. We shall see presently how this is. 
Meantime let it be noticed in passing, that a close 
scrutiny of large solar spots has revealed the existence 
of an intensely black spot in the midst of the umbra. 
This black spot must be regarded as the true nucleuir. 

^he circumstance that the spots appear only on two 
bands of the sun’s globe, corresponding to the sub- 
tropical zones on our own earth, led the younger 
Herschel to conclusions as important as those which 
his father had forme4<. He reasoned, like 4iis father, 
from terrestrial analogies. .On our own earth the sub- 
tropical zones are the regions where the great cyclonic 
storms^have their birth, and rage with their chief fury. 
Here, therefore, we have the analogue of the solar 
spots, if only we can show reason for believing that 
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any causes resembli*ig tbose which generate the 
terrestrial cyclone, operate upon those regions of the 
sun where the solar spots make their appearance. 

yy e know that the cyclone is due to the excess of 
heat at the earth’s equator. It is true that th^ ex- 
cess of heat is always in operation, whereas cyclones 
are not perpetually raging in sub-tropical climates. 
Ordinarily* therefore, the excess of heat does not 
cause tornadoes. Certain aerial currents are generated, 
whose uniform motion suffices, as a rule, to adjust the 
conditions which the excess of heat at the equator 
would otherwise tend to disturb. But when through 
any cause the uniform action of the aerial currents is 
either interfered with, or is insufficient to maintain 
equilibriuiB, then cyclonic or whirling motions are 
generated in the disturbed atmosphere, and propagated 
over a wide area of the earth’s surface. 

Now we recognise the reason of the excess of heat 
at the earth’s equator, in the fact that the sun shines 
«aore directly upon that part of the earth than on the 
zones which lie in higher latitudes. Can welindtfty 
reason for suspecting that the sun, which is not heated 
from without as the earth is, should exhibit a similar 
peculiarity? Sir JohS Herschel considers that we 
can. If • the sun has an atmosphere extending to 
a considerable distance from his surface, then there 
can be little doubt that, owing to his rotation upon 
his axis, this atmosphere would assume the figure 
of an oblate spheroid, and would be deepest over the 
solar equator. Here, then, more of the sun’s heat 
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would be retained than at the j^les, where the atmo- 
sphere is shallowest. Thus that excess of heat at 
the solar equator which is necessary to complete the 
analogy between the sun-spots and terrestrial cyclones, 
seems satisfactorily established. 

It must be remarked, however,*that this reasoning, 
so far as the excess of heat at the sun’s equator is con- 
cerned, only removes the difficulty a step. If there 
were indeed an increased depth of atmosphere over the 
sun’s equator sufficing to retain the requisite excess of 
heat, then the amount of heat we receive from the 
sun’s equatorial regions ought to be appreciably l^ss 
than the amount emitted from the remaining portions 
of the solar surface. This is not found to be the case, 
so 4hat, either there is no such excess of absorption, or 
else the solar equator gives out more heat, in other 
words, is essentially hotter, than the rest of the sun. 
But this is just the peculiarity of which we want the 
interpretation. 

It my be taken for granted, however, that there*' 
is an analogy between the sun-spots and terrestrial 
cyclonic storms, though as yet we are not very well 
able to understand its nature. 

Then next we come to one "of the most interesting 
discoveries ever made respecting the sun — the discovery 
that the spots increase and diminish in frequency in 
a periodic manner. We owe this discovery to the 
laborious and systematic observations made by Herr 
Schwabe of Dessau. In these pages any account of 
his work would be out of place. We need only dwell 
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upon the result, and ^F^pon other discoveries which 
have been made by observers who have taken up the 
same work, 

Schwabe found that in the course of about ten and a 
half years the solar spots pass through a complete ^ycle 
of changes. They become gradually more and more 
numerous up to a certain maximum, and then as 
gradually diminish. At length the sun’s face becomes 
not only clear of spots, but a certain well-marked 
darkening around the border of his disc disappears alto- 
gether for a brief season. At this time the sun pre- 
seni» a perfectly uniform disc. Then gradually the 
spots return, become more and more numerous, and so 
the cycle of changes is run through again. 

The astr(>>nomers who have watched the sun from 
the Kew observatory have found that the process of 
change by which the spots sweep in a sort of ^ wave of 
^increase’ over the solar disc is marked by several 
minor variations. As the surface of a great sea-wave 
will be traversed by small ripples, so the gradual iu- 
crease and diminution in the number of the solar spots 
is characterised by minor gradations of change, which 
are sufficiently well marked to be distinctly cognisable. 

There seems every fbason for believing that the 
periodic changes thus noticed ar§ due to the influence 
of the planets upon the solar photosphere, though in 
what way that influence is exerted is not at present 
perfectly clear. Some have thought that th^ mere 
attraction of the planets tends to produce tides 
of some sort in the solar envelopes. Then, since the 
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height of a tide so produced Varies as the cube or 
third power of the distance, it has been thought that a 
planet when in perihelion would generate a much 
larger solar tide than when in aphelion. So that, as 
Jupiter has a period nearly equal to the sun-spot 
period, it has been supposed that the attractions of this 
planet are suflScient to account for the ^reat spot- 
period. Venus, Mercury, the Earth, and Saturn have, 
in a similar manner, been rendered accountable for the 
shorter and less distinctly marked periods. 

Without denying that the planets may be, and pro- 
bably are, the bodies to whose influence the solar-nspot 
periods are to be ascribed, I yet venture to express 
very strong doubts whether the attraction of Jupiter 
is' so much greater in perihelion than in aphelion as to 
account for the fact, that whereas at on© season the 
face of the sun shows many spots, at another it is 
wholly free from them.* 

However, we are not at present concerned so much 
with the explanation of facts as with the facts thenST- 
selves. We have to consider rather what the sun is 
and what he does for the solar system, than why these 
things are so. 

Let us note, before passing to other circumstances of 
interest connected with the sun, that the variable con- 
dition of his photosphere must cause him to change in 

* Recently Prof. Kirkwood has published a most interesting series of 
inquiries going far to prove that the real secret of the planetary influ- 
ences lies in the facl^that the sun’s surface is not uniform, and that 
on a certain solar longitude the planetary influences are more effective 
than elsewhere. 
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brilliancy as seen fr^m vast distances. If Herr 
Schwabe, for instance, instead of observing tbe sun’s 
spots from bis watch-tower at Dessau, could have re- 
moved himself to a distance so enormous that the sun’s 
disc would have been reduced, even in the most power- 
ful telescope, to a mere point of light, there can be no 
doubt that the only effect which he would have been 
able to perceive would have been a gradual increase 
and diminution of brightness, having a period of about 
ten and a half years. 

Our sun, therefore, if viewed from the neighbour- 
hood of any of the stars, whence undoubtedly he would 
simply appear as one among many fixed stars, would 
be a ^variable,’ having a period of ten and a half 
years. An^ further, if an observer viewing the sun 
from so enormous a distance, had the means of very ac- 
curately measuring its light, he would undoubtedly 
discover that while the chief variation of the sun takes 
place in a period of ten and a half years, its light is 
subjected to minor variations, having shorter periods. 

The discovery that the periodic changes of the sun’s 
appearance are associated with the periodic changes in 
the character of the earth’s magnetism is the next that 
we have to consider, 

It hadplong been noticed, that during the course of 
a single day the magnetic needle exhibits a minute 
change of direction, taking place in an oscillatory 
manner. And when the character of this vibration 
came to be carefully examined, it w£CS found to corre- 
spond to a sort of effort on the needle’s part to turn 
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towards the sun. For example, when the sun is on 
the magnetic meridian, the needle has its mean posi- 
tion. This happens twice in the day, once when the 
sun is above the horizon, and once when he is below it. 
Agajp, when the sun is midway between these two 
positions — which also happens twice in the day, the 
needle has its mean position, because the northern and 
the southern ends make equal efforts (so fo speak) to 
direct themselves towards the sun. Four times in the 
day, then, the needle has its mean position, or is directed 
towards the magnetic meridian. But when the sun is 
not in one of the four positions considered, that eqjd of 
the needle which is nearest to him is slightly turned 
away from its mean position, towards him. The change 
of position is very minute, and only -die ^xact modes 
of observation made use of in the present age would 
have sufficed to reveal it. There it is, however, and 
this minute and seemingly unimportant peculiarity has" 
been found to be full of meaning. 

Had science merely measured this minute variation, 
the work would have given striking evidence of the 
exact spirit in which men of our day deal with natural 
phenomena. But science was to do much more. The 
variations of this minute vari^on were to be inquired 
into ; their period was to be searched for ; the laws by 
which they were regulated and by which their period 
might perhaps itself be rendered variable, were to be 
examined ; and, finally, their relation to other natural 
laws was to be S(fught after. That science should set 
herself to an inquiry so delicate and so difficult, in a 
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spirit so exacting, wrrg ?u-’>ing nnusual. it i uius that 
all the great discove..ies of our day have been effected. 
But it is well that the reader should recognise the 
careful scrutiny to which natural phenomena have 
been subjected before the great laws we have t<^ con- 
sider were made kno^. It is thought by many, who 
have not been at the pains to examine what science is 
really doing in our day, that the wonders she presents 
to men’s contemplation, the startling revelations which 
are being made from day to day, are merely dreams 
and fancies, which replace indeed the dreams and 
faXkcies of old times, but have no worthier claims on 
our belief. Those who carefully examine the history 
of science will be forced to adopt a very diffei'ent 
opinion. ^ 

The minute vibrations of the magnetic needle, thus 
carefully watched — day after day, month after month, 
' year after year — were found to exhibit a yet more 
minute oscillatory change. They waxed and waned 
within narrow limits of variation, but yet in a manner 
there was no mistaking. The period of this oscillatory 
change was not to be determined, however, by the ob- 
servations of a few years.* Between the time when 
the diurnal vibration w^s least until it had reached its 
greatest e;^tent, and thence returned to its first value, 

* Tlxe reader must not understand that the account here given 
presents in any sense even a general view of the lahours of those who 
have studied the earth^s magnetism. I touch only on those points hy 
which the association between the earth’s magnetism and th0 physical 
condition of the sun are most clearly indicate? ; because these points 
alone hear on the subject of this chapter. How they dp so will appear 
farther on. 
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no less than ten and a half yeajp elapsed, and a much 
longer time passed before the periodic character of the 
change was satisfactorily determined. 

The reader will at once see what these observations 
tend Jbo. The sun-spots vary in frequency within a 
period of ten and a half years, ^nd the magnetic di- 
urnal vibrations vary within a period of the same du- 
ration. It might seem fanciful to associate the two 
periodic series of changes together, and doubtless when 
the idea first occurred to Lamont, it was not with any 
great expectation of finding it confirmed, that he ex- 
amined the evidence bearing on the point. Judging 
from known facts, we may see reasons for such an 
expectation in the correspondence of the needle’s 
dhirnal vibration with the sun’s apparent motion, and 
the law which has been found to associate the annual 
variations of the magnet’s power with the sun’s dis- 
tance. But undoubtedly when the idea occurred to 
Lamont, it was an exceedingly bold one, and the 
ridicule with which the first announcement of the supj 
posed law was received, even in scientific circles, suf- 
fices to show how unexpected that relation was, which 
is now so thoroughly established. For a careful com- 
parison between the two periods has demonstrated that 
they agree most perfectly, not merely in length, but 
maximum for maximum, and minimum for minimum. 
When the sun-spots are most numerous, then the daily 
vibratu)n of the magnet is most extensive, while, when 
the sun’s face is clear of spots, the needle vibrates 
over its smallest diurnal arc. 
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Then the intensity of^the magnetic action has been 
found to depend upon solar influences. The vibra- 
tions by which the needle indicates the progress of 
those strange disturbances of the terrestrial magnetism 
which are known as magnetic storms, have been fqund 
not merely to be mo^ frequent when the sun’s face 
is most spotted, but to occur simultaneously with the 
appearance 8f signs of disturbance in the solar photo- 
sphere. For instance, during the autumn of 1859, 
the eminent solar observer, Carrington, noticed the 
apparition of a bright spot upon the sun’s surface. 
The^ light of this spot was so intense, that he 
imagined the dark glass which protected his eye 
had been broken. By a fortunate coincidence, another 
observer, Mr. Hodgson, happened to be watching 
the sun at the same instant, and witnessed the same 
remarkable appearance. How it was found that the 
'-^elf-registering magnetic instruments of the Kew ob- 
servatory had been sharply disturbed at the instant 
wjien the bright spot was seen. And afterwards it 
was learned that the phenomena which indicate the 
progress of a magnetic storm had been observed in 
many places. Telegraphic communication was inter- 
rupted, and in some cSses, telegraphic offices were 
set on fire^ auroras appeared both in the northern 
and southern hemisphere during the night which fol- 
lowed; and the whole frame of the earth seemed to 
thrill responsively to the disturbance whicl^ had 
affected the great central luminar;^ of the solar 
system. 


P 
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The reader will now see w!^ I have discussed rela- 
tions which hitherto he may perhaps have thought very 
little connected with my subject. He sees that there 
is a bond of sympathy between our earth and the sun ; 
that no disturbance can affect the solar photosphere, 
without affecting our earth to af greater or less degree. 
But if our earth, then also the other planets. Mer- 
cury and Venus, so much nearer the sun*fchan we are, 
surely respond even more swiftly and more distinctly 
to the solar magnetic influences. But beyond our 
earth, and beyond the orbit of moonless Mars, the 
magnetic impulses speed with the velocity of hght. 
The vast globe of Jupiter is thrilled from pole to pole 
as the magnetic wave rolls in upon it; then Saturn feels 
4he shock, and then the vast distances be;;j;ond which lie 
Uranus and Neptune, are swept by the ever-lessening 
yet ever-widening disturbance-wave. Who say 
what outer planets it then seeks? or who, looking back's 
upon the course over which it has travelled, shall say 
that planets alone have felt its effects ? Meteoric and 
cometic systems have been visited by the great mag- 
netic wave, and upon the dispersed members of the one 
and the subtle structure of the other effects even more 
important may have been pr^uced than those striking 
phenomena which characterise the progress of the ter- 
restrial or planetary magnetic storms. 

When we remember that what is true of a relatively 
great solar disturbance, such as the one witnessed by 
Messrs. Carrin^on and Hodgson, is true also (however 
different in degree) of the magnetic influences which 



WEAT WE LEARN FROM TEE SUN 35 

the sun is at every insts^t exerting, we see that a new 
and most important bond of union exists between 
the members of the solar family. The sun not only 
sways them by the vast attraction of his gravity, not 
only illumines them, not only warms them, but he 
pours forth on all his subtle yet powerful magnetic 
influences. A new analogy between the members of 
the solar system is thus introduced, to reinforce those 
other analogies which have been held so strikingly to 
indicate that the ends for which our earth has been 
created are not diflferent from those which the Creator 
had jn view when He planned the other members of the 
solar system.* 

And now we pass on to other discoveries, bearing 
at once and .with equal force upon the relations be- 
tween the various members of the solar scheme and 
upon the position which that scheme occupies in the 
==tlniverse. 

Hitherto we have been considering the teachings of 
th^ telescope, we have now to consider what we„ have 
learned by means of an instrument of yet higher 
powers. As I shall have to refer very frequently, 

* I must remark here, once fo? all, that in speaking of the plans of 
the Creator, of his mode of working, or of the laws which He has 
established, I b^ no means intend such word© to be taken hterallj. For 
want of better, such words as these must be employed m speaking of the 
relations between Almighty G-od and his universe. But m truth these 
relations are as inconceivable by us as infinity of space or infinity of 
time. We know that they exist, as certainly as we know that space and 
time are both infinite, but human language can n^ more indicate their 
nature than it can present to the mind an adequate picture of space or 
time, 

B 2 
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throughout this volume^ to the* teachings of the spec- 
troscope^ it will be well that I should briefly describe 
what it is that this instrument really effects. "Were I 
simply to state the results of its use, without describing 
its real character, many of my readers would be dis- 
posed to believe that astronomers are as credulous as 
in reality they are exacting and scrupulous, where new 
facts and observations are in question. 

The real end and aim of the telescope, as applied by 
the astronomer to the examination of the celestial ob- 
jects, is to gather together the light which streams from 
each luminous point throughout space. We maji re- 
gard the space which surrounds us on every side as an 
ocean without bounds or limits, an ocean across which 
there are ever sweeping waves of light, either emitted 
directly from the various bodies subsisting throughout 
space, or else reflected from their surfaces. Other 
forms of wave also speed across those limitless depths 
in all directions, but the light-waves are those which 
at present concern us. Our earth is as a minute 
island placed within the ocean of space, and to the 
shores of this tiny isle the light-waves bear their mes- 
sage from the orbs which lie like other isles amid the 
fathomless depths around us.* With the telescope the 
astronomer gathers ^together portions of Jight-waves 
which else would have travelled in diverging directions. 
By thus intensifying their action, he enables the eye 
to become cognisant of their true nature. Precisely as 
the narrow channels around our shores cause the tidal 
wave, which sweeps across the open ocean in almost 
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insensible undulations, ^0 rise and fall througn a wide 
range of variation, so the telescope renders sensible 
the existence of light-waves which would escape the 
notice of the unaided eye. 

The telescope, then, is essentially a light-gathe'^er. 

The spectroscope ffe used for another purpose. It 
might be called the light-sifter. It is applied by the 
astronomer* to analyse the light which comes to him 
from beyond the ocean of space, and so to enable liim 
to learn the character of the orbs from which that light 
proceeds. 

'yhe principle of the instrument is simple, though 
the appHancgs by which its full powers can alone be 
educed are somewhat complicated. 

A ray of sunlight falling on a prism of glass or 
crystal doe§ not emerge unchanged in character. 
Different portions of the ray are differently bent, so 
that when they emerge from the prism they no longer 
travel side by side as before. The violet part of the 
light is bent most, the red least ; the various colours 
from violet through blue, green, and yellow, to red, 
being bent gradually less and less. 

The prism then sortsy or sifts, the light-waves. 

But we want the m^ns of sifting the light-waves 
more thoroughly. The reader must bear with me while 
I describe, as exactly as possible in the brief space 
available to me, the way in which the first rough work 
of the prism has been modified into the delicate and 
significant work of the spectroscope.^ It is well worth 
while to form clear views on this point, because so 
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many ol the wonders of modeipi science are associated 
with spectroscopic analysis. 

If through a small round hold in a shutter, light 
is admitted into a darkened room, and a prism be 
placed with its refracting angle downwards and hori- 
zontal, a yertical spectrum, having its violet end 
uppermost, will be formed on a screen suitably placed 
to receive it 

But now let us consider what this spectrum really 
is. If we take the light-waves corresponding to any 
particular colour, we know from optical considerations, 
that these waves emerge from the prism in a pencil 
exactly resembling in shape the pencil of white light 
which falls on the prism. They therefore form a small 
circular or oval image on their own proper ip art of the 
spectrum. Hence the spectrum is in reality formed of 
a multitude of overlapping images, varying in colour 
from violet to red. It thus appears as a rainbow- 
tinted streak, presenting every gradation of colour 
between the utmost limits of visibility at the violelf 
and red extremities. 

If we had a square aperture to admit the light, we 
should get a similar result. If the aperture were 
oblong, there would still be overlapping images, but it 
the length of the oblong were horizontal, then, since 
each image would also be a horizontally-placed oblong, 
the overlapping would be less than when the images 
were square. Suppose we diminish the overlapping as 
much as possible ; m other words, suppose we make the 
oblong slit as narrow as possible. Then, unless there 
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were in reality an infinitf number of images distributed 
all along the spectrum from top to bottom, the images 
might be so narrowed as not to overlap ; in which case, 
of course, there would be horizontal dart spaces or 
gaps in our spectrum. Or again, if we failed in finding 
gaps of this sort by simply narrowing the aperture, we 
might lengthen the spectrum by increasing the refract- 
ing angle of the prism, or by using several prisms, and 
so on. 

The first great discovery in solar physics, by means 
of the analysis of the prism (though the discovery had 
liitlft meaning at the time), consisted in the recognition 
of the fact, that by means of such devices as the above, 
dark gaps or cross-Hnes can be seen in the solar 
spectrum. In other words, light-waves of the various 
gradations c<?rresponding to all the tints of the spec- 
trum from violet to red, do not travel to us from the 
great central luminary of our system. Kemembering 
that the effect we call colour is due to the length of the 
light-waves, the effect of red corresponding to light- 
waves of the greatest length, while the effect of violet 
corresponds to the shortest light-waves, we see that in 
effect the sun sends forth to the worlds which circle 
around him light-waves of many different lengths, but 
not of all. Of so complex and interesting a nature is 
ordinary daylight. 

But spectroscopists sought to interpret these dark 
lines in the solar spectrum, and it was in carrying out 
this inquiry — which even to themselves seemed almost 
hopeless, and to many would appear an utter waste of 
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time — that they lighted upo:|| the noblest method of 
research yet revealed to man. 

They examined the spectra of the light from incan- 
descent substances (white-hot metals and the like), and 
fonry^ that in these spectra there are no dark lines. 

They examined the spectra *of the light from the 
stars, and found that these spectra are crossed by dark 
lines resembling those in the solar spectrum, but dif- 
ferently arranged. 

They tried the spectra of glowing vapours, and they 
obtained a perplexing result. Instead of a number of 
dark lines across a rainbow-tinted streak, they fennd 
bright lines of various colour. Some gases would give 
a few such lines, others many, some only one or two. 

• Then they tried the spectrum of the ekctric spark, 
and they found here also a series of bright lines, but 
not always the same series. The spectrum varied 
according to the substances between which the spark" 
was taken, and the medium through which it passed. 

Lastly, they found that the light from an incan- 
descent solid or liquid, when shining through various 
vapours, no longer gives a spectrum without dark lines, 
but that the dark lines which then appear vary in 
position, according to the nature of the vapour through 
which the light has passed. 

Here were a number of strange facts, seemingly too 
discordant and too perplexing to admit of being in- 
terpreted. Yet one discovery only was wanting to 
bring them all into unison. 

In 1859, Kjrchhoff, while engaged in observing the 
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solar spectrum, liglited|jOn the discovery that a certain 
double dark line, which had already been found to 
correspond exactly in position with the double bright 
line forming the spectrum of the glowing vapour 
of sodium, was intensified, when the light of tlvp sun 
was allowed to pass*' through that vapour. This at 
once suggested the idea, that the presence of this dark 
line (or rather, pair of dark lines) in the spectrum of 
the sun is due to the existence of the vapour of sodium 
in the solar atmosphere, and that this vapour has the 
power of absorbing the same order of light-waves as it 
emits. It would of course follow from this, that the 
other dark lines in the solar spectrum are due to the 
presence of other absorbent vapours in its atmosphere, 
and that the identity of these would admit of being 
established the same way, supposing this general 
law to hold, that a vapour emits the same light-waves 
that it is capable of absorbing. 

KirchhofF was soon able to confirm his views by a 
variety of experiments. The general principles to 
which his researches led — in other words, the principles 
which form the basis of spectrum-analysis — are as 
follows : — 

1. An incandescent *solid or liquid gives a con- 
tinuous spectrum. 

2. A glowing vapour gives a spectrum of white 
lines, each vapour having its own set of bright lines, 
so that, from the appearance of a bright-line spectrum, 
one can tell the nature of the vapoui? or vapours whose 
light forms the spectrum. 
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3. An iacandescent solid or^liquid shining through 
absorbent vapours gives a rainbow-tinted spectrum 
crossed by dark lines, these dark lines having the same 
position as the bright lines belonging to the spectra of 
the vapours; so that, from the arrangement of the 
dark lines in such a spectrum, one can tell the nature 
of the vapour or vapours which surround the source of 
light.* 

The application of the new method of research to 
the study of the solar spectrum quickly led to a number 
of most interesting discoveries. It was found that 
besides sodium, the sun’s atmosphere contains 4ihe 
vapours of iron, calcium, magnesium, chromium, and 
other metals. The dark lines corresponding to these 

* To these may be added the foUoTring laws ; — 

4, Light reflected from any opaqae body gives the ssGne spectrum as 
it would have given before reflection. 

6 But if the opaque body be surrounded by vapours, the dark lines 
corresponding to these vapours make their appearance in the spectrum 
with a distinctness proportioned to the extent to which the light has 
penetrated those vapours before being reflected to us 

6 If the reflecting body be itself luminous, the spectrum belonging to 
it is superadded to the spectrum belonging to the reflected light 

7 Grlowing vapours surrounding an incandescent source of light may 
cause bright lines or dark lines to appear in the spectrum, accordmg as 
they are more or less heated , or they may emit just so much hght 
as to make up for what they absorb, in ^hi(i case there will remain no 
trace of their presence 

8. The electric spark presents a bright-line spectrum, c<raipounded of 
the spectra belonging to the vapours of those substances between which, 
and of those through which, the discharge takes place. According to the 
nature of these vapours and of the discharge itself, the relative mtensity 
of the component parts of the spectrum will be variable 

Lastly, the appearance of the spectrum belonging to any element will 
vary according to the circumstances of pressure and temperature under 
which the element may emit light. 
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elements appear unmis1?^kably in the solar spectrum. 
There are other metals — such as copper and zinc, which 
seem to exist in the sun, though some of the corres- 
ponding dark lines have not yet been recognised. As 
yet it has not been proved that gold, silver, mercury, 
tin, lead, arsenic, antimony, or aluminium exist in the 
sun, — thou^ we can by no means conclude, nor 
indeed is it at all probable, that they are absent from 
his substance. The dark lines belonging to hydrogen 
are very well marked indeed in the solar spectrum, and 
as we shall see presently, the study of these lines has 
afforded most interesting information respecting the 
physical constitution of the sun. 

Now we notice at once how importantly these 
researches into the sun’s structure bear upon the sub- 
ject of this treatise. It would be indeed interesting 
to consider the actual condition of the central orb of 
the planetary scheme, to picture in imagination the 
metallic oceans which exist upon his surface, the con- 
tiCual evaporation from those oceans, the formation of 
metallic clouds, and the downpour of metallic showers 
upon the surface of the sun. But apart from such 
considerations, and viewing Kirchhoff’s discoveries 
simply in their relation to the subject of other worlds, 
we have en<!rugh to occupy our attention. 

If it could have been shown that, in all proba- 
bility, the substance of the sun consists of materials 
wholly different from those which exist in this earth, 
the conclusion obviously to be drawn from such a 
discovery would be that the other planets also are 
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differently constituted. We gonld not find any just 
reason for believing that in Jupiter or Mars there 
exist the elements with which we are acquainted, when 
we found that even the central orb of the planetary 
syst^ exhibits no such feature of resemblance to the 
earth. But now that we know quite certainly, that the 
familiar elements iron, sodium, and calcium exist in 
the sun’s substance, while we are led to believe with 
almost perfect assurance, that all the elements we are 
acquainted with also exist there, we see at once, that 
in all probability the other planets are constituted 
in the same way. There may of course be sp^ftcial 
differences: in one planet the proportionate distri- 
bution of the elements may differ, and even differ very 
markedly from that which prevails in someother planet# 
But the general conclusion remains, tha^ the planets 
are formed of the elements which have so long been 
known as terrestrial; for we cannot recognise any 
reason for believing that our earth alone, of all the 
orbs which circle around the sun, resembles that great 
central orb in general constitution.* 

Now we have in this general law a means of passing 
beyond the bounds of the solar system, and forming no 
indistinct conceptions as to tlfe existence and character 
of worlds circling around other suns. For it will be 
seen, in the chapter on the stars, that these orbs, like 
our sun, contain in their substance many of the so-called 

n 

* It TV ill be scen^in the chapter on IVCeteors and Comets, that this 
conclnsion has a most important bearing on the views we are to form 
respecting the original formation of the planetary scheme. 
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terrestrial elements, wl^le it may not unsafely be as- 
sex’ted, that all, or nearly all, those elements, and few 
or no elements unknown to us, exist in the substance 
of every single star that shines upon us from the 
celestial concave. Hence we conclude, that a];ound 
those suns also there tiircle orbs constituted like them- 
selves, and therefore containing the elements with 
which we are familiar. And the mind is immediately 
led to speculate on the uses which those elements are 
intended to subserve. If iron, for example, is present 
in some noble orb circling around Sirius, we speculate 
nol*. unreasonably respecting the existence on that orb 
— either now or in the past, or at some future time — 
of beings capable of applying that metal to the useful 
purposes wljiich man makes it subserve. The imagi- 
nation suggests immediately the existence of arts and 
sciences, tirades and manufactures, on that distant 
world. "We know how intimately the use of iron has 
been associated with the progress of human civilisa- 
tion, and though %ve must ever remain in ignorance of 
the actual condition of intelKgent beings in other worlds, 
we are yet led, by the mere presence of an element 
which is so closely related to the wants of man, to 
believe, with a new confidence, that for such beings 
those worjds must in truth have^been fashioned. 

I would fain dwell longer on the thoughts suggested 
by the researches of Kirchhoff. Gladly too would I 
enter at length on an account of those interest^g dis^ 
coveries which have been made in ccfimection with the 
last two total eclipses of the sun. The requirements 
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of space, however, and some doubt as to the direct 
bearing of the last-named discoveries on the subject 1 
have in hand, warn me to forbear. One point, how- 
ever, remains, which is too intimately connected with 
my subject to be passed over. 

I refer to the sun’s corona. 

It has been proved that the solar prominences con- 
sist of glowing vapours, hydrogen being ^heir chief 
constituent. It has been found also, by comparing 
Mr. Lockyer’s observations of the prominence-spectra 
with Dr. Frankland’s elaborate researches into the 
peculiarities presented by the spectrum of hydrogen at 
different pressures, that even in the very neighbourhood 
of the solar photosphere, these vapours probably exist 
at a pressure so moderate as to indicate that the limits 
of the sun’s vaporous envelope cannot lie very far 
(relatively) from the outer solar cloud-layer. 

Now the solar corona has been seen, during total 
eclipses of the sun, to extend to a distance at least equal 
to the sun’s diameter from the eclipsed orb. So that^ 
assuming the corona to be a solar atmosphere, it would 
have a depth of about 850,000 miles, and being also 
drawn towards the sun by his enormous attractive 
energy (exceeding more than twenty-seven times that 
of the earth), it could not fail to exert a pressure on his 
surface exceeding many thousand-fold that of our air 
upon the earth. In fact, such an atmosphere, let its 
outermost layers be as rare as we can conceive, would 
yet have its lowerdayers absolutely liquified, if not soli- 
dified, by the enormous pressure to which they would 
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be subjected. We cannot then believe this corona to 
be a solar atmosphere. 

Yet it is quite impossible to dissociate the corona, 
either wholly or in part, from the sun. I am aware 
that physicists of eminence have attempted to dg this, 
and not only so, but'» to make of the zodiacal light a 
terrestrial phenomenon. But they have overlooked 
considerations which oppose themselves irresistibly to 
such a conclusion. 

In the first place, the mere fact that, during a total 
eclipse, the moon looks black, in the very heart of the 
corona, affords, when properly understood, the most 
conclusive evidence that the light of the corona comes 
from behind the moon. If the glaresiof our atmosphere 
could by my possibility account for the corona (which 
is not the case), then that glare should appear over the 
moon’s disc also. That this is so is proved by the fact, 
that when the glare really does cover the moon, as 
while the sun is but slightly eclipsed the moon is not 
projected as a black disc on the background of the 5%, 
though where her outline crosses the sun, it appears 
black, by contrast with the intensity of his light.* The 
point seems, however, too obvious to need discussion. 

And secondly, as Mt. Baxendell has pointed out, 
during totality the part of the earth’s atmosphere 
between the eye and the corona is not illuminated by 

* It is also shown most conclusively, by a photograph of the eclipse 
of August 1868, taken an instant before the totality. Here we see the 
glare trenching upon the moon’s disc (elsewher^ black), as it should 
theoretically. So soon as totality commenced the glare had reached the 
moon’s limb, whence it must immediately have passed q[uiokly away. 
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the sun. Over a wide space all round the sun we are 
looking through an atmosphere which is completely 
dark. In fact^ if the earth’s atmosphere alone were 
in question, we ought to see a dark or negative corona 
arouigd the sun, the illuminated atmosphere only 
beginning to be faintly visibfe at a considerable 
angular distance from the sun. This argument, 
rightly understood, is altogether decisive of the 
question.^ 

But the spectroscope has given certain very per- * 
plexing evidence respecting the light of the corona, 
and it remains that we should endeavour to see how 
that evidence bears on the interesting problem which 
the corona presents to our consideration. 

• During the total eclipse of last August the American 
observers found that the spectrum of the corona is 

* In fact, if we take the mode of reasoning hy which Mr. Lockyer has 
endeavoured to get over certain physical difficulties presently to be 
mentioned, we shall be able to pomt definitely to the place where his 
argument fails. He says, conceive a tiny moon placed so as to appear 
coincident with the centre of the sun’s disc. There will be atmospheric 
glare as well as direct sun-light. Now conceive this small moon to 
expand until it all but covers the sun. Still there will be glare and a 
certain small proportion of direct sun-light. So far his reasoning is 
most just. But when he allows his expanding moon to cover the sun, 
and to extend beyond the solar disc as m total eclipse, the atmosphenc 
glare can no longer be assumed to exist all round the expanding moon : 
at the moment when the m^on just hides the sun the glare begins to 
leave the moon, a gradually expanding black ring being formed round 
that body . It is only necessary to consider where the glare comes ffiom 
to see that this must be so. 

I have taken no account of difimction here, because it lias been 
abundantly proved %t no corona of appreciable width could be formed 
around the moon during total eclipse by the diffiaction of the rays of 
light as they pass near the moon’s limb. 
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continuous, but crossed by certain bright lines/ If 
we accept the absence 0? dark lines as established by 
the evidence (which is doubtful), this result seems at 
first sight very diflScult to explain. Eeferring to the 
principles of spectroscopic analysis stated at pp. 41^42, 
it will be seen that we should be led to infer that the 
corona consists of incandescent matter surrounded by 
certain glowihg gases. It is difficult to suppose that 
this is the real exjdanation of the phenomenon. 

Mr. Lockyer suggests that if the corona shone by 
reflecting the solar light, the continuous spectrum 
mighj be accounted for by supposing the light from 
the glowing vapours around the sun to supply the 
part wanting where the solar dark lines are, and that 
some of these vapours shining yet more brightly would • 
exhibit their bright lines upon the continuous back- 
ground of the spectrum. This view, as applied by 
Mr. Lockyer to the theory that the corona is a 
terrestrial phenomenon, is untenable, for the reasons 
alrgady adduced. But, independently of those reasons, 
there are others which render such a solution of the 
difficulty unavailable. 

Now, remembering that we have two established 
facts for our guidance, — (Ji.) the fact that the corona 
cannot be a ^olar atmosphere, and (ii.) the fact that it 
must be a solar ai)pendage, — I think a way may be 
found towards a satisfactory explanation. 

Let it be premised, that the bright lines of. the 
coronal spectrum correspond in positioif to those seen 
in the spectrum of the aurora, and that the same lines 
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are seen in the spectrum of the zodiacal lights and in 
that of the phosphorescent li^t occasionally seen over 
the heavens at night. 

Since we have every reason to believe that the light 
of the anrora is due to electrical discharges taking 
place in the upper regions of the air, we are invited to 
the belief that the coronal light may be due to similar 
discharges taking place between the partiSles (of what- 
ever nature) constituting the corona. 

Now, though the appearance of an aurora is due to 
some special terrestrial action (however excited), yet 
the material substances between which the disclyirges 
take place must be assumed to be at all times present 
in the upper regions of air. In all probability, they 
•are the particles of those meteors whjch the earth 
is continually encountering. And since^we know that 
meteor-systems must be aggregated in far greater 
numbers near the sun than near the earth, we may 
regard the coronal light as due to electrical dis- 
charges excited by the sun’s action, and taking pl^ce 
between the members of such systems. Besides this 
light, however, there must necessarily be a large pro- 
portion of light reflected from these meteoric bodies. 
In this way the peculiar "bharacter of the coronal 
spectrum may be readily accounted for.^ We know 
from the auroral spectrum, that the principal bright 
lines due to the electrical discharges would be precisely 
whe:i;e we see bright lines in the coronal spectrum. 
But besides thSse, there would be fainter bright lines 
corresponding to the various elements which exist in 
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the meteoric masses. These elements, we know, are 
the same as those in the substance of the sun. Thus 
the bright lines would correspond in position with the 
dark lines of the solar spectrum. Hence, as light re- 
flected by the meteors would give the ordinary §olar 
spectrum, there would*^ result from the combination a 
continuous spectrum, on which the bright lines first 
mentioned would be seen, as during the American 
eclipse. 

What the polariscope has told us respecting the 
corona, is in accordance with this view. 

Ii!a> the same way the quality of the zodiacal light 
admits of being perfectly accounted for, without re- 
sorting to the hypothesis that this phenomenon is a 
terrestrial o^^.* 

The explanation thus put forward has at least the 
advantage of being founded on well-established rela- 
tions. We know that the auroral light is associated 
with the earth’s magnetism, and that meteoric bodies 
ar^ continually falling upon the earth’s atmosphere. 
We know also, that the sun exerts magnetic influences 
a thousand-fold more intense than those of the earth, 

* It was with some surprise "that, at a late meeting of the Eoyal 
Astronomical Society, I heard Dr. Balfour Stewart put forward, even 
as a hypothesis, so btartling a proposition ^s this. That the region of 
the counter-trades may he at times illuminated hy electrical discharges 
will serve to account very well for the occasional phosphorescent appear- 
ance of the w'hole heavens at night — hut the portion of the heavens ^ 
illuminated hy the zodiacal light has no relation whatever to the atmo- 
spheric region in which the counter-trades prevay. The hypothesis, 
indeed, is wholly untenable. 
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and that in liis neighbourhojgd there must be many 
million times more meteoric systems. 

But we have other and independent reasons which 
must not be overlooked, for considering the corona to 
be of some such nature as I have suggested. Lever- 
rier has shown that there probaBly exists in the neigh- 
bourhood of the sun a family of bodies whose united 
mass suffices appreciably to afiect the motions of the 
planet Mercury. It would not be safe to neglect con- 
siderations thus vouched for. 

Mr. Baxendell, also, has shown that certain periodic 
variations in the earth’s magnetism point to th% ex- 
istence of such a family of bodies ; and he has been 
able to assign to them a position according well with 
Ithat determined by Leverrier. 

Now, whatever opinion we form as^to the exact 
character of the system of bodies pointed to by the 
researches of Leverrier and Baxendell — whether we 
suppose that system to form a zone around the sun,* 
or that (as I believe) the system is merely due to die 
aggregation of meteoric perihelia in the sun’s neigh- 
bourhood — we may be quite certain of this, that during 
a total solar eclipse the system could not fail to become 
visible. Hence there is a double objection to the view 
put forward by Mr. JLockyer and others. ^ In the first 

* I am not here referring to Humboldt’s notion that the zodiacal 
light is due to a zone of small bodies round the sun , a view which only 
derived importance from the fact that Sir John Herschel has been 
at the pains to coiSradict it. It need hardly be said, that Sir John 
Herschel’s opinion has a weight which is altogether wanting to Hum- 
boldt’s, so far as astronomical matters are concerned. 
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place^ it fails to account^or the appearance presented 
hy the corona ; in the second place, it fails to render an 
account of the implied non-appearance of the system 
which, according to the researches of Leverrier and 
Baxendell, circles around the sun. 

It will be seen, in the chapter on ^Meteors and 
Comets,’ how important a bearing these views respect- 
ing the nature of the corona have upon the history of 
the solar system. It has been partly for this reason 
that I have here briefly considered the matter; but 
there is another and a most important relation in which 
thes?5 views must be regarded. 

We know that the sun is the sole source whence 
light and heat are plentifully supplied to the worlds 
which circle ^around him. The question immediately 
suggests itself — whence does the sun derive those 
amazing stores of force from whence he is continually 
supplying his dependent worlds ? We know, that were 
the sun a mass of burning matter, he would be con- 
sianed in a few thousand years. We know, that were 
he simply a heated body, radiating light and heat con- 
tinually into space, he would in like manner have 
exhausted all his energies in a few thousand years — a 
mere day in the history of his system. Whence, then, 
comes the ^enormous supply of Jbrce which he has 
afforded for millions on millions of years, and which 
also our reason tells us he will continue to afford while 
the worlds which circle around him have need of it — 
in other words, for countless ages yet to come ? 

Now there are two ways in which the solar energies 
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might be maintained. The jpere contraction of the 
solar substance^ Helmholtz tells us^ would suffice to 
supply such enormous quantities of heat^ that if the 
heat actually given out by the sun were due to this 
causfe alone^ there would not, in many thousands of 
years, be any perceptible diminution of the sun’s 
diameter. But secondly, the continual ^downfall of 
meteors upon the sun would cause an emission of 
heat in quantities vast enough for the wants of all 
the worlds circling round him ; while his increase of 
mass from this cause would not be rendered perce])tiblc 
in thousands of years, either by any change in hi? ap- 
parent size or by changes in the motions of his family 
of worlds.^ 

It seems far from unlikely that both thfese processes 
are in operation at the same time. Certainly the 
latter is, for we know, from the motions of the meteoric 
bodies which reach the earth, that myriads of these 
bodies must continually fall upon the sun. And if the 
corona and zodiacal light really be due to the existence 
of flights of meteoric systems circling around the sun, 
or to the existence in his neighbourhood of the peri- 
helia of many meteoric systems, then ther^ must be a 


* Altogether undue stre^ has been laid upon the provable change in 
the length of the year, owing to the downfall of meteors upon the sun’s 
mass. It is forgotten that the crowded meteors forming the solar corona 
are already within the earth’s orbit, and therefore already produce their 
full effect on the length of the year. The subsidence of all these bodies 
at once upon the suiai would not atFect the length of the year, though it 
would lead to certain modifications in the secular perturbations of the 
earth’s orbit in figure and position. 
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supply of light and heat from this source, very nearly 
if not quite sufficient to account for the whole solar 
emission. 

It is well worthy of notice, too, that the association 
between meteors and comets has an important bearing 
on this question. WS know that the most remarkable 
characteristic of comets is the enormous diffusion of 
their substance. Nowin this diffusion there resides an 
enormous fund of force. The contraction of a large 
comet to dimensions corresponding to a very moderate 
mean density would be accompanied by the emission 
of ft vast supply of heat. And the question is worth 
inquh’ing into, whether we can indeed assume that 
the meteors which reach our atmosphere are solid 
bodies, and not rather of cometic diffusion ; since it is 
difficult otherwise to account for the light and heat 
which they emit. Friction through the rarer upper 
strata of our atmosphere will certainly not account for 
these phenomena ; nor, I think, will the compression of 
the atmosphere in front of the meteors ; on the other 
hand, the sudden contraction of a diffused vapour 
would be accompanied by precisely such results. But, 
be this as it may, it is certain that a large portion 
of the substance of every comet is in a singularly dif- 
fused states And since the meteoric systems circling in 
countless millions round the sun are, in all probability, 
associated in the most intimate manner with comets, 
we may recognise in this diffusion, as well as^in the 
mere downfall of raeteors, the source of an enormous 
supply of light and heat. 
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And lastly, turning from c^pr sun to the other suns 
which shine in uncounted myriads throughout space, 
we see the same processes at work upon them all. 
Each star-sun has its coronal and its zodiacal discs, 
formed by meteoric and comctic systems ; for otherwise 
each would quickly cease to be'^a sun. Each star-sun 
emits, no doubt, the same magnetic influences which 
give to the zodiacal light and to the solar corona their 
peculiar characteristics. And thus the worlds which 
circle round those orbs may resemble our own in all 
those relations which we refer to terrestrial magnetism, 
as well as in the circumstance that on them also iJiere 
must be, as on our own earth, a continual downfall of 
minute meteors. In those worlds, perchance, the mag- 
netic compass directs the traveller over desert wastes 
or trackless oceans : in their skies, the atarora displays 
its brilliant streamers ; while, amid the constellations 
which deck their heavens, meteors sweep suddenly into 
view, and comets extend their vast length athwart the 
celestial vault, a terror to millions, but a subject 5f 
study and research to the thoughtful. 
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CHAPTEE III. 

THE INFERIOR PLANETS. 

In considering the habitability of various portions of 
the solar system, we have to draw a marked distinction 
between the planets which travel within the orbit of 
the earth, and those which lie beyond its range. So 
far, indeed, as our belief in these orbs being inhabited 
is concerned, we may apply the same processes of 
reasoning to-,one set of planets as to the other. Until 
it has been demonstrated that no form of life can exist 
upon a planet, the presumption must be that the planet 
is inhabited. But it is impossible to contemplate the 
various members of our solar system, without being led, 
to consider their physical habitudes rather with relation 
to the wants of such creatures as exist upon our own 
earth than merely with reference to the existence of 
life of some sort upon their surface. Viewing Venus 
and Mercury in this way, we have a dilfferent set of 
relations to deal with than we find among the outer 
planets. We are struck, at once, with the marked 
effects which seem associable with their comparative 
proximity to the sun’s orb. This Teature and the 
shortness of their period of revolution — that is, of their 
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year, are the characteristic peculiarities we have to deal 
with. 

I would willingly pay some attention here to the 
story of Vulcan, the planet which has been supposed 
to cijfcle yet more closely than Mercury around the 
centre of our system, were it ndl for the great doubt 
in which the existence of this planet seems enshrouded. 
If, on the one hand, we have the evidence of Lescar- 
bault that, on a certain day, and at a certain hour, he 
saw a dark object, round like a planet, crossing the 
face of the sun, we have also the evidence of Liais, 
whose name is much better known among astronomers, 
that at that very hour there was no such object on the 
solar disc. There is nothing to render the existence of 
an intra-Mercurial planet at all unlikely ; aSad there are 
many observations which scarcely seem e^xplicable on 
any other hypothesis. Still, as yet we have not that 
clear and unmistakable evidence which would permit 
me to speak of Vulcan as a planet known to astrono- 
mers, and I vnsh, while within the bounds of the sokr 
system, to limit myself to the consideration of bodies 
which have been recognised and examined. 

Mercury circles around the sun in the brief period 
of eighty- eight days, or rather less than three of our 
months. So that, if Jjhe planet has seasons,^hese must 
be severally about three weeks long. His distance 
from the sun vai-ies between somewhat wide limits, 
owingf. to the eccentricity of his orbit. When he is 
nearest to the sun, he receives ten and a half times 
more light and heat from that luminary than we do ; 
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but when he removes tojhis greatest distance, the light 
and heat he receives, are reduced by more than one- 
half. Even then, however, the sun blazes in the skies 
of Mercury with a disc four and a half times larger 
than that which he presents to the observer on earth. 

Undoubtedly these 'peculiarities, the shortness of the 
Mercurial year, and the immense amount of light and 
heat pourej by the sun upon the planet, are circum- 
stances which do not encourage, at first sight, the belief 
that any creatures can subsist upon this planet, resem- 
bling those with which we are familiar. We see, at 
oncps, that all forms of vegetation in Mercury must 
differ in a very striking manner from those which exist 
upon the earth, because their structure has to be 
adapted to much more rapid changes of temperature?. 
And the existence of a totally distinct flora suggests 
at once the belief that animal life on Mercury must be 
very different from what we see around us. 

Let us, however, proceed a few steps farther. 

• It has been found that Mercury rotates upon his 
axis, and if we may put faith in the observations of 
Schrdter, the Mercurial day is only a few minutes 
longer than our own. But though the fact of the 
planet’s rotation has been observed, it has not been 
found possible to determine iny^hat position the axis 
of rotation lies. It has been said that the planet’s 
equator is much more inclined than the earth’s to the 
plane in which the planet travels ; but little ]»eliance 
can be placed on the evidence which ^as been adduced 
in favour of this view. 



6o OTSEJt WOItLJDS TIlA2r OUHS. 

We are thus left altogether in doubt as to the 

^ p 

nature of the Mercurial seasons. That the planet has 
seasons of some sort we are certain, because, even if 
the axis were so placed that perpetual spring reigned 
upon^the planet — I mean, that the days and nights 
were at all times and in all places equal — yet his 
varying distance from the sun would give changes of 
temperature quite as marked as those which characterise 
our seasons in England^ and very much more marked 
than those known in tropical regions. Of course, if 
this is the actual arrangement, there are different 
climates in different parts of the planet. Nearrhis 
poles, the sun, though visible for half the Mercurial 
day, attains yet but a low elevation above the horizon ; 
just as he does on a spring day within our own polar 
circles. At the equator the sun passes dsiy after day 
to the zenith, and pours down upon the planet an 
amount of light and heat far exceeding the light and 
heat of our tropical climates. A sun immediately 
overhead, and showing a diameter varying from mor;3 
than twice to more than three times that of oxir sun, 
must be a noble and may be a terrible phenomenon in 
the skies of Mercury, 

There is yet another arrangement by which to a 
portion of the planet, ^t any rate, the Mercurial seasons 
might be tempered. If his axis is so placed that what 
would be the winter season were his orbit not eccentric, 
takes place, for one hemisphere, when the* planet is 
nearest to the sun, then undoubtedly it may very well 
happen (the inclination of his axis being suitably 
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adjusted), that this so-called ivinter season is* the 
warmest part of the year for that hemisphere. In 
this case, there would be the least possible violence in 
the succession of the Mercurial seasons for that hemi- 
sphere. But in the other hemisphere the se^iPonal 
changes would be corfespondingly intensified. 

In either of these cases, it is readily conceivable 
that even forms of life resembling those we are ac- 
quainted with on earth might exist on Mercury, and 
that without any special provision for tempering the 
great heat and light of the sun. Those regions which 
cori^espond to our temperate and tropical zones would 
indeed scarcely be habitable ; but the polar regions of 
the planet would not form a disagreeable abode. 

If, however, the equator of the planet is very much 
inclined to i;he plane in which Mercury travels, it 
cannot be doubted that no form of life known upon 
earth can possibly exist upon Mercury, without some 
special arrangements for tempering the seasonal 
changes. This will appear when we come to deal udth 
the eflFect of the great inclination which some astro- 
nomers have ascribed to the equator of Venus, and 
therefore we need not consider the relation with regard 
to Mercury, of whose axial inclination no trustworthy 
informatioia has hitherto been obtained. 

It remains for us to consider what sort of provision 
may have been made to temper the great heat poured 
by the sun upon Mercury. 

The climate of a planet, considered generally, is 
largely influenced by the nature of the planet’s atmo- 
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sphere. We have very clear evidence on this point, 
in the effects which we notice on our own earth. If 
we ascend to the summit of a lofty mountain, w^e find 
the air much colder than at its base. In India, though 
the full heat of a tropical suu is poured day after day 
upon the snowy summits of th* Himalayas, yet the 
air continues colder than in the bitterest midwinter 
weather experienced by us in England.’ Not that 
the solar rays have no power. The heat is, in reality, 
even greater than on the plains, because it has not 
been intercepted by vapour-laden air. But the air 
itself is not heated. Owing to its extreme rarity rfind 
dryness, it neither impedes the passage of the sun’s 
heat to the earth, nor prevents the return of that heat 
firom the earth by radiation or reflectiop ; and this 
very fact, that it does not impede the passage of heat, 
means nothing else than that the air does not become 
heated.* 

W e have, then, so far as a rai’e atmosphere is con- 
cerned, two points to dwell upon — the readiness with 
which such an atmosphere permits the sun’s heat to 

» The following passage, quoted by Prof Tyndall from Hooker’s 

‘Himalayan Journals,’ illustrates the peculiarities referred to above' 

‘At 10,000 feet, in December, at 9 a m , I saw the mercury mount to 
132“=, while the temperature of shaded snow hardly was 22° At 
13,100 feet, IE January, at 9 ^a m , it has stood at 98°, wi*li a difference 
of 68 2°, and at 10 A ii at 114°, with a difference of 81 4°, whilst 
the radiating thermometer on the snow had fallen at sunrise to 0 7° ’ 
Such observations as these are well worth studying It is interesting to 
consider that at the summit of the highest peaks of the Himalayas the 
mid-day heat of the sijp must sometimes be near if not above the boiling 
point corresponding to those places, since water would boil on Mount 
Everest at a temperature of little more than 160® 
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reach the surface of a planet, and the readiness* with 
which it permits the p?anet’s heat to pass away into 
space. Now we might feel doubtful which of these 
two effects was chiefly to be regarded, were it not that 
on our own earth we have experience of the effects of 
a very rare atmosphere. We know that the climate 
of very elevated regions is relatively much cooler than 
that of plabes on the plain. Thus we learn that the 
direct heating powers of the sun are not so much to 
be considered, in judging of the climate of any region, 
as the quality of the atmosphere. 

yet we must not deceive ourselves by inferring 
that mere rarity of atmosphere can compensate fully 
for an increased intensity of solar heat. It is not 
true that the climate of a place on the slopes of the 
Andes or the Himalayas, corresponds to that of a 
region on the plain which has an atmosphere equally 
warm. The circumstances are, in fact, wholly dif- 
ferent. On the plain there is, it is true, the same 
amount of heat in the case supposed : but the air is 
denser and more moisture-laden ; the nights are 
warmer because the skies are less clear and the heat 
escaping from the earth is intercepted by clouds or by 
the transparent aqueous vapour in the air ; and lastly, 
there is ngt so great a contrast between the warmth of 
the air and the direct heat of the solar rays. 

If the atmosphere of Mercury, therefore, be exces- 
sively rare, as some have supposed, so as to afford an 
Alpine or Himalayan climate in coiflparison with the 
tremendous heat we should otherwise ascribe to the 
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clima1:e of the planet, there would by no means result a 
state of things resembling tSat with which we are 
familiar on earth. We must not, in our anxiety to 
people Mercury with creatures such as we know of, 
blind ^ourselves to the difficulties which have to be 
encountered. We cannot thin the Mercurial air, 
without adding to the direct effects of the sun upon 
the Mercurial inhabitants. Whether in this way we 
increase the habitability of the planet may be doubted 
when we consider that the direct action of the sun’s 
rays upon the tropical regions of Mercury, thus de- 
prived of atmospheric protection, would produce a Ijpat 
four or five times greater than that of boiling water. 
It will hardly be thought that the intense cold in 
the shade, or during the Mercurial night, would com- 
pensate for so terrible a heat. In fact, this view of 
the Mercurial climate would lead us to find a close 
resemblance between the inhabitants of the planet and 
the unfortunates described by Dante as doomed 

A sofferir tormenti e caldi e gieli. 

It would seem hard to believe in the existence of any 
organised forms under such conditions, unless perhaps 
such ^ microscopic creatures, with siliceous coverings ’ 
as Whewell proposed to people Venus -with. 

However, we have^ yet to consider wliether an 
atmosphere of a different sort might not be better 
suited to the requirements of Mercury. We have 
seen the effects of a rai’e atmosphere, let us inquire 
into those which might be ascribed to a dense one. 
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The ordinary effect of ^ dense atmosphere we know 
to be an increase of heat^ which is certainly not what 
we require in the case of Mercury. Nor are we 
familiar with any region upon our earth in which a 
dense atmosphere produces a contrary climatic effect ; 
so that we have no analogy to support us in the belief, 
that possibly a dense atmosphere might, under par- 
ticular circumstances, serve to guard a planet from the 
solar rays. It seems possible, however, that an atmo- 
sphere might be so constituted as to remain almost con- 
stantly loaded with heavy cloud-masses. In this case, 
it by«io means follows that such effects would follow 
as we ordinarily associate with a moisture-laden 
atmosphere. Up to a certain point, doubtless, the 
increase of m^^isture in the air tends to an increase of * 
warmth; beca-use the aqueous vapour exercises a 
greater effect in preventing the escape of heat from 
the earth than in guarding the earth from the solar 
rays. And, as I have said, the only climatic effect we 
ca» associate with the frequent presence of large 
quantities of aqueous vapour in the air, or therefore ' 
with an ordinarily clouded state of the sky, is that of 
a general increase of heat. But, just as we know that 
a cloudy day is not necessarily nor even commonly a 
warm day, ii may well be that an ^itmosphere so dense 
as to be at all times cloud-laden, serves as a protection 
from the sun’s intense heat. So that, instead of assign- 
ing dense atmospheres exclusively to the more distant 
planets, as some astronomers have done, we might be 
led to see in an envelope of great density the means of 
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defending the inhabitants of Mercuiy and Venus from 
the otherwise unendurable rays of their near neighbour 
the sun. 

Although Mercury is not a planet which can be satis- 
factorily examined with the telescope, yet, so far as can 
be judged from his aspect, his atmosphere is in reality 
much denser than our earth’s, and loaded with cloud- 
masses of enormous extent. Still the evidence on 
these points is far from satisfactory; and there is one 
peculiarity of the planet which does not accord with 
this view of the constitution of his atmosphere. Un- 
doubtedly, if the light we receive from Mercury #came 
from a cloudy envelope, it would be more brilliant than 
the light we should receive from the surface of con- 
• tinents and oceans. In fact, the most jDrilliant light 
we could receive from a globe of a given ^ize, placed at 
a given distance from the sun, would be that which 
would be reflected were such a globe covered with 
clouds. Now there can be no doubt whatever, that 
Mercury does not reflect the same proportion of light 
from his surface that some of the planets do. He 
would be, when favourably situated, the brightest of all 
the planets, were this so though, seen as he always 
is, on the bright background of a full twilight sky, 

^ Placing Mercury in perihelion and at his elongation, we get a half 
disc, the planet about 90,000,000 miles from us, and about 30,000,000 
from the sun, his diameter about 3,000 miles. Now, if we wish to com- 
pare tfee light he then sends us, with that of Jupiter at his brightest, on^ 
the assumption of^qual reflectiye powers, we must take Jupiter at a 
distance of about 360,000,000 miles from us, and about 450,000,000 
miles from the sun, showing a ML disc, his diameter about 90,000 miles 
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he would not make so striking an appearance as 
Jupiter does when in opposition. This^ however^ is 
not the case. I remember being much struck by the 
superior light of Jupiter, on the afternoon of February 
23, 1868, when the two planets were very clo^ to- 
gether, Mercury being nearly at his brightest, whereas 
Jupiter, then near conjunction, was considerably less 
bright than when in opposition. Venus was close by, 
and outshone both Mercury and Jupiter. 

It seems difficult, therefore, to believe that the light 
of Mercury comes from a cloudy envelope. But there 
is still one supposition which may restore our belief in 
the habitability of the planet by creatures not very 
different from those which inhabit our earth. If it has 
a double cleud envelope, the upper like our cirrus 
clouds, less compact than the lower, and permitting a 
portion of the sunlight to pass through, it is possible 
that the lower cloud-layer would be seen partly in 
shadow. I must admit that the explanation is not 
qpite satisfactoiy, because, just as much light as the 
outer clouds intercepted they would reflect ; still, it is 
conceivable, that the usual arrangement of these clouds 
may be such, that to us, who do not look at the planet 

(I put all the numbers round, for convenience of calculation). We 
then, that the»atio of Mercury’s light to Juj)iter’s, is 

1 (3,000)2 . (90,000)2 

2 (90,000,000)2 X (30,000,000)2 * (360,000,000)2 x (450,000,000)2 

or J (4)2 (15)2 . (30)2^ or exactly 2 to 1. 

The observation above cited is sufScient to prove J;hat a very (Afferent 
state of things actually prevails, in other words, that the reflective 
powers of the two planets are very dijfferent. Unless, indeed^ Jupiter 
shines in part by inherent light. 
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in the direction in which the sun’s rays fall, but some- 
what aslant, the shadows of the upper clouds upon the 
dense and compact lower envelope may be rendered in 
large part visible. 

After all, the reader may prefer the view which 
recognises in the polar regiofis of Mercury places 
suitable for organic existences, while the equatorial 
and neighbouring regions are zones of fire, whose 
dangers the bravest Mercurials, the very Livingstones 
upon that planet, would not dare to face. We may 
picture to ourselves, on this view, the various con- 
trivances by which the inhabitants of the two polar 
(that is, in reality, temperate) circles manage to com- 
municate. There may be regions where favouring 
^circumstances narrow the uninhabitable z«ne so much 
that the inhabitants of one polar circle may travel to 
the other, (or, at least, cross the most dangerous portion 
of the hot zone,) in the course of the Mercurial night. 
Or perhaps tunnels may be run, or sheltered cuttings 
made, along which the voyage may be made in com- 
parative safety. Ocean communication there can be 
none, if the Mercurial skies are clear, since the sun’s 
heat on the tropical zone would suffice to boil away 
any water which might find its way there. 

Certainly, the smallness of the planet and the dimin- 
ished effects of gravity upon its surface, would tend to 
make communication much easier, and the construc- 
tion <ff protective tunnels or cuttings a comparatively 
light task. What the exact force of gravity at the 
surface of Mercury may be we do not know, because 
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our means of determining the mass of the planet are 
not so satisfactory as in the case of the other primary 
members of the solar system. If Mercury had a 
satellite, we could tell his weight at once. If he were 
as large as Venus, we could tell his weight by ol^erv- 
ing his effect in disturbing the motions of that planet. 
As it is, the only means we have of weighing Mercury 
is the observation of his effect in disturbing any comet 
which may pass near him. In this way the planet has 
been weighed, but the balance thus employed is not a 
satisfactory one altogether, because we are not quite 
cerijain how much of the disturbance of a comet when 
near Mercury is due to the planet’s attraction. For- 
merly, it was supposed that the mean density of 
Mercury is^equal to that of lead ; but from the per- 
turbations of Encke’s comet in Mercury’s neighbour- 
hood, astronomers have been led to the conclusion that 
the density of the planet is not more than one-sixth 
greater than our earth’s. It follows, that as his 
diameter is little more than 3,000 miles, our earth is 
about fifteen times as heavy as Mercury. Gravity 
at his surface is such, that a pound weight of ours 
would weigh rather less than seven ounces on Mercury. 
Hence the creatures which seem to us most unwieldy, 
— ^the elephant, the hippopotamus, and the rhinoceros, 
or even those vast monsters, the mammoth, the masto- 
don, and the megatherium, which bore sway over our 
globe in far-off eras, might emulate on Mercury the 
agility of the antelope or the greyhound. 

There can be no doubt that where gravity acts so 
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feebly^ all engineering operations would be rendered 
very much simpler^ — bridges could have a wider span, 
and yet be stronger than our terrestrial ones, buildings 
could be loftier and yet be raised more easily, and 
transit of all sorts would be effected much more readily, 
while at the same time the distances to be traversed are 
very much less than on our earth, since the surface of 
Mercury is little more than one-seventh of the earth’s. 

The peculiarities which characterise Venus are for 
the most part similar in kind to those we have had 
to consider in the case of Mercury. But at the 
outset of our inquiries into the physical habitude® bf 
this most beautiful planet, we must point to the strik- 
ing resemblance which it bears, in some respects, to our 
ewn earth. So far, indeed, as telescopic and physical 
researches have yet led us, the planet Mar^ as we shall 
presently see, appears to exhibit habitudes more closely 
corresponding to those we are apt to consider essential 
to the wants of living creatures. But in size, in situa- 
tion, and in density, in the length of her seasons and 
of her rotation, in the figure of her orbit and in the 
amount of light and heat she receives from the sun, 
Venus bears a more striking resemblance to the earth 
than any orb within the solar system. In fact, there 
is no other pair of planets between which" so many 
analogies can be traced as between Venus and the 
earth. Uranus and Neptune are similar in many re- 
spects,, but they diflfer in at least as many. Jupiter 
and Saturn are, in a sense, the brother giants of the 
solar scheme, while the dwarf orbs Mars and Mercury 
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present many striking points of similarity ; but between 
neither of these pairs caif we trace so many features 
of resemblance as those which characterise the twin 
planets Venus and Terra^ while the features of dis- 
similarity in either pair are perhaps even more ob^ous 
than the points of resemblance. Had Venus but a 
moon as the earth has, we might doubt w^hether, in the 
whole universe, two orbs exist which are so strikingly 
similar to each other. 

And here we may pause for a moment to consider 
one of the most perplexing enigmas that has ever been 
presented to astronomers. Are we indeed certain that 
Venus has no moon? The question seems a strange 
one, when it is remembered that year after year Venus 
has been ex^ined by the most eminent modern ob-« 
servers, armqd with telescopes of the most exquisite 
defining power, without any trace of a companion orb 
being noticed. Nor, indeed, can any reasonable doubts 
be entertained respecting the moonless condition of 
V^nus, by those who appreciate the character of 
modern telescopic observations ; and yet, if I had begun 
this paragraph by stating the evidence in favour of 
the existence of a satellite, I believe that nearly every 
reader would have come to the conclusion that most 
certainly tfee Planet of Love has an attendant orb. 
They are not amateur observers only, who have seen 
a moon attending on Venus, but such astronomers as 
Cassini and Short, the latter with two differenl^ tele- 
scopes and four different eye-pieces. TFour times, be- 
tween May 3 and 11, 1761, Montaigne saw a body 
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neat V enus, which presented a phase similar to that 
of the planet^ precisely as a Satellite would have done. 
From these observations M. Baudouin deduced for the 
new star a diameter of about 2^000 miles, and a distance 
from Venus nearly equal to that which separates the 
moon from the earth. In Mar(^h 1764, again, Eodkier 
saw the enigmatical companion; Horrebow saw it a 
few days later ; and Montbaron saw it in varying posi- 
tions on March 15, 28, and 29. Lastly, Scheuten, who 
witnessed the transit of Venus in 1761, declares that 
he saw a satellite accompany Venus across the face of 
the sun. So that we cannot be greatly surprisedi 5 ,that 
even so skilful an observer as the late Admiral Smyth 
was disposed to believe in the existence of a satellite 
^of Venus. ^ The contested satellite is, perhaps,’ he re- 
marked, ^ extremely minute, while some parts of its 
body may be less capable of reflecting light than others ; 
and when the splendour of its primary and our incon- 
venient station for watching it are considered, it must 
be conceded that, however slight the hope may be, Ijie 
search ought not to be relinquished.’ 

There is little occasion to dwell upon Venus’s moon- 
less condition, because the infei’ior planets are much less 
affected by the want of a moon than a superior planet 
would be. The service rendered by our o^ moon, as 
a luminary of the night, is the least important work 
she does in our behalf. It is as the chief regulator of 
the tides that the moon,, befriends us most usefully. 
Now Venus has no need of lunar tides. Assuming 
that she has oceans such as those which exist upon the 
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eartb, her solar tides must be about two and a half 
times as high as the ?olar tides raised in our own 
oceans. And since our lunar tidal wave is about two 
and a half times as high as the solar one, we have tides 
ranging between the highest spring tides, which are 
three and a half times as high as the solar tide alone, 
and the lowest neap tides, which are only one and a 
half times as high as the solar wave. Venus has 
constant tides, therefore, corresponding very closely to 
the mean tides on our own earth ; and therefore per- 
fectly well adapted to subserve all the purposes which 
ouik tides render us, only with less variety in their 
mode of operation. Mercury also has sufficiently 
high solar tides, supposing he has extensive oceans 
(which maji reasonably be questioned), since the smali- 
ness of his dimensions, tending of course to diminish the 
difference of action on which the sun’s tidal influence 
depends, is fully compensated by his great proximity to 
that orb. 

9 Venus has a year of 224 days, 17 hours, very nearly, 
and her distance from the sun, which varies little 
during the course of a year, is somewhat less than 
""^hree-fourths of that which separates the sun from us. 
Her day is about thirty-five minutes shorter than ours, 
and her globe somewhat smaller than the earth’s. 

It is clear that, merely in the greater proximity of 
Venus to the sun, there is little to render at least the 
larger proportion of her surface uninhabitable Ijy such 
beings as exist upon our earth. Tift sun, as seen in 
her skies, has a diameter one-third larger than he 
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presents to us ; and his apparent surface-dimensions, 
on which of course his heating^and illuminating powers 
depend, are greater in the proportion of about sixteen 
to nine. This undoubtedly would render his heat 
almost unbearable in the equatorial regions of Venus, 
but in her temperate and sub-ai^tic regions a climate 
which we should find well suited to our requirements 
might very well exist ; while her polar regions might 
correspond to our temperate zones, and be the abode of 
the most active and enterprising races existing upon 
her surface. 

Here, however, we have been supposing that Venus 
has seasons resembling our own in character, — in other 
words, that her axis of rotation is inclined at about the 
^me angle to the plane in which she trav^s. • Obser- 
vations have been made, according to wjpiich a very 
diiferent state of things would appear to prevail. It 
has been said, on the authority of observers of some 
eminence, that her axis is inclined only 15 ° to the plane 
of her orbit.* If this is really the case, a number of 
singular and somewhat complicated relations are pre- 
sented, the result of which it may be interesting to 
exhibit to the reader, — especially as there is very little 
doubt that in the case of Uranus an axial peculiarity 
of this sort actually exists, f ^ 

* Why IS it that, in so many works of popular astronomy, the mistake 
is made of giving the inclination of a planet’s equator to the orbit as 
the inclination of the axis to that plane? In nine out of ten astro- 
nomical ^orks, the inclination of the earth’s axis to her orbit is given 
as 23^® , were this thfs case, the larger part of the earth would be unin- 
habitable 

t If the observations of De Vieo may be trusted, the inclination of 
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In tlie first place^ tlie arctic regions of Venus extend 
within fifteen degrees of her equator (if the axis is 
really bowed as supposed)^ while the tropics extend 
within fifteen degrees of her poles, — so that two 
zones, larger by far than the temperate zone§ of 
our earth, belong both to her arctic and to her 
tropical regions. It is difficult to say whether her 
equatorial, her polar, or her arctico-tropical regions 
would be, to our ideas, the least pleasing portion of 
her globe. 

An inhabitant of the regions near either pole has to 
endure extremes of heat and cold, such as would sufiS.ce 
to destroy nearly every race of living beings subsisting 
upon the earth. During the summer, the sun circles 
continually olose to the point overhead, so that, day-^ 
after day, he ^ours down his rays with an intensity of 
heat and of light exceeding nearly two-fold the mid-day 
light and heat of our own tropical sun. Only for a 
short time, in autumn and in spring, does the sun rise 
and set in these regions. A spring or autumn day, 
like one of our days at those seasons, lasts about twelve 
hours ; but the sun attains at noon, in spring or autumn, 
a height of only a few degrees above the horizon. 
Then presently comes on the terrible winter, lasting 
about thre^ of our months, but far more striking in 
its characteristics even than the long winter night of 
our polar regions. For, near our poles, the sun 
approaches the horizon at the hour corresponding to 

Venus, tliOTigli less than 76 °, is still so considerable (about 56 °) as to 
justify the general conclusions deduced in the following paragraphs. 
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noon; and though he does not show his face, he 
yet lights up the southern slcies with a cheering twi- 
light glow. But during the greater part of the long 
night of Venus’s polar regions, the sun does not ap- 
proach within many degrees of the horizon. Nay, he 
is farther below the horizon th?ln the midnight sun of 
our arctic regions. Thus, unless the skies are lit up 
with auroral splendours, an intense darkness prevails 
during the polar winter which must add largely to the 
horrors of that terrible season. Certainly, none of the 
human races upon our earth could bear the alternations 
betw’^een these more than polar terrors and an intocisity 
of summer heat far exceeding any with which we are 
familiar on earth, 

• Let us see whether the equatorial regions are more 
pleasing abodes. ^ 

In these parts of Venus there are two summers, 
corresponding to the spring and autumn of the polar 
regions. At these seasons, the sun rises day after day 
to the point overhead, and the weather corresponds for 
awhile to that which prevails in the tropical regions of 
our own earth. But between these seasons the sun 
passes away alternately to the northern and southern 
skies. During the season corresponding to summer, 
he is above the hojrizon nearly through<rut the 23^ 
hours of Venus’s day ; * but he attains no great eleva- 
tion, travelling always in a small circle close around 

r 

* On the equate*? itself, as on our own, the day is always equal in 
length to the night. The above account corresponds to a place near the 
borders of the equatorial zone. 
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the northern pole. During the season corresponding 
to winter, he is above tfie horizon only a very short 
time each day,"^ and is always close to the south, 
attaining only an elevation of a few degrees at noon. 
Thus we have the following curious succession of 
seasons: — At the veAial equinox a summer much 
warmer than our tropical summers; about 56 days 
later, or at the summer solstice, weather resembling 
somewhat the spring of our temperate zones, only 
that the night is exceedingly short ; yet 56 days 
later there is another summer, as terrible as the former ; 
and Jastly, at the winter solstice, the days are shorter 
and the cold probably more intense than in the winter 
of places near our arctic circles. In such regions the 
contrasts, rather than either of the extremes of climate,- 


* In Admiral Smyth’s ‘ Celestial Cycle,’ the only work in which, so 
far as I am aware, the effects of the inclination ascribed to Venus’s axis 
hare been at all considered, it is stated that in the year of Venus there 
are but nine and a quarter of her days, ‘ reckoned by the sun’s rising and 
setting, owing to which the sun must appear to pass through a whole 
si^ in little more than three-quarters of her natural day ’ He does 
not give any reasons for this remarkable statement, which most certainly 
is not correct. In all places outside the arctic circles of Venus, the year 
contains as many natural days as there have been rotations of Venus, 
wanting one only (as in the case of our own earth) , in the remaining 
regions there will be more or fewer days, according as the station con- 
sidered is nearer to or farther from the arctic circle. Smyth’s remark 
that the varying amplitude of tho sun (hij^ distance, that is, from the 
east and west points), at rising or setting, would give travellers on 
Venus readier means than our seamen have, of determining the longi- 
tude, IS just. But the problems involved must be very difficult, and I 
wish her mathematicians joy of them. The cadets in our sclio;^Is and 
training-ships have an easy time of it, compared wth the unfortunate 
beings who are to officer the ships of Venus, — ^always supposing her axis 
is inclined as we have been assummg. 
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would be most trying to terrestrial races; and it is 
scarcely too much to say^ thal no races subsisting upon 
our earth could possibly endure such remarkable 
changes, succeeding each other so rapidly. 

Lj^stly, the beings who inhabit the wide zones 
which are at once tropical and arctic have climates 
ranging between the two limits just considered. If 
they are near the equatorial regions, they suffer from 
all the vicissitudes of the equatorial climate, with this 
further tribulation, that, in midwinter they do not see 
the sun even at mid-day, — a circumstance by no means 
compensated (according to our ideas) by the facUthat 
near the summer solstice the sun does not set. If they 
are near the polar regions, they have a summer even 
•more terrible than the polar summer, ^d a winter 
scarcely less dreary and bitter. ^ 

Fortunately for our belief in the habitability of 
Venus, astronomers are far from accepting with con- 
fidence the assertions of those observers who have 
assigned to Venus an inclination so remarkable, df 
her inclination should at all resemble the earth’s, thei'e 
is every reason to believe that her physical habitudes 
also resemble those of the earth. In this case, the 
argument from analogy, presented in the opening 
chapter of this work,^seems to force upon m the con- 
clusion that she is inhabited ; while we may believe, 
though perhaps with less confidence, that a close re- 
semblance subsists between the creatures which people 
her surface andfthose with which we are acquainted. 

We have no direct evidence, indeed, on which to 
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ground our belief that the greater proximity of Venus 
to the sun may not be accompanied by any very 
remarkable peculiarities in the characteristics of her 
climate. But we have an indirect argument of some 
strength. If Venus is much nearer than the^arth 
to the sun^ the earthfin turn^ is much nearer to the 
sun than Mars is. Yet^ as we shall see in the next 
chapter^ we have clear evidence from telescopic obser- 
vation, and still clearer evidence as the results of 
spectroscopic research, that the climatic arrangements 
oh Mars do not differ in any remarkable degree from 
thosse of our own earth. It would follow, therefore, as 
at least probable, that a similar resemblance prevails 
between the climate of the earth and that of Venus. 
So that, despite the claim which Dr. Whewell has puf 
in for micro^opic animalcules with siliceous coverings 
as the sole inhabitants of Venus, I can find no reason 
(if the abnormal axial inclination above considered is 
once disproved) for denying that she may be the abode 
0^ creatures as far advanced in the scale of creation as 
any which exist upon the earth. 

Gravity at the surface of Venus is so nearly equal 
to terrestrial gravity, that the difference is altogether, 
insufficient to introduce any noteworthy effects. The 
delicate adjustment of the sap-passages of plants to the 
force of terrestrial gravity, which Dr. WheweU notices 
in his ^ Bridgewater Treatise,’ might indeed be dis- 
turbed, if the earth’s gravity were suddenly made'equal 
to that of Venus. But it would be strangely to limit 
our conception of Nature’s powers of adaptation, to 
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suppose that therefore there can be no vegetation on 
Venns resembling that with wTiich we are familiar. 

Venus is the only planet the extent of whose atmo- 
sphere has been carefully estimated. If Venus had 
no atgiosphere^ she would present^ when horned, a semi- 
circular convexity ; whereas the Refractive effects of an 
atmosphere, by causing the sun to illumine rather 
more than a full hemisphere, would tend to lengthen 
her horns. It has been found that her convexity when 
she is horned exceeds a semicircle, and from the 
observed extent of this excess, it has been calculated 
that her atmosphere is so far more extensive than ^urs 
as to make its refractive effects on a body near the 
horizon about one-third greater. So that, as this is 
mbout the proportion in which the diamet^ of the sun 
as seen from Venus exceeds that which h^e presents to 
us, the inhabitant of Venus, like the inhabitant of our 
earth, sees the sun fully raised above the horizon at 
the moment when, but for refraction, his orb would be 
just concealed beneath it. 

Of the constitution of the atmosphere of Venus we 
know little. The spectrum of her light shows the 
dark lines which belong to the solar spectrum, and the 
Padre Secchi has noticed certain faint lines, which 
seem to indicate the presence of aqueous vapour in the 
atmosphere of the planet. Put he scarcely gives 
satisfactory evidence that the lines he has thus seen 
were not due to the absorption exercised by aqueous 
vapour in our Swn atmosphere. The same observer 
finds, in the strengthening of the nitrogen lines near 
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the F line of the spectrum, evidence that the atmo- 
sphere of Venus is constituted very similarly to the 
air we breathe. 

On the whole, the evidence we have points very 
strongly to Venus as the abode of living creatureg not 
unlike the inhabitants of earth. With the sole excep- 
tion of the inclination, which has been, without sufficient 
evidence, assigned to the planet’s equator, I can see 
nothing which can reasonably be held to point to 
an opposite conclusion. Certainly the strong light 
which the sun pours upon Venus need least of all be 
objected to, since, if there is one adaptative power which 
Nature exhibits more clearly than another, it is that 
by which the various creatures we are acquainted with 
are enabled ^to live in comfort under all degrees of 
light, from the obscurity in which the mole pursues his 
subterranean researches, to the blazing light of the 
noonday sun towards which (in fable, if not in fact) the 
eagle turns his unshrinking eyes. 

/^here is one peculiarity which yet remains to be 
noticed. Many are disposed to find, in the beauty of 
the celestial objects which deck the skies of different 
planets, a certain proof that reasoning beings must 
exist who can appreciate the display. Surely the 
argument tyas very little force, since we know that 
myriads on myriads of ages must have passed, during 
which the glories of our own heavens were displayed, 
night after night, with none to regard them. oThe 
moon has passed through all her pha^s, the star of 
morning and of eve has shed its soft radiance upon the 

a 
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terrestrial landscape, Jupiter and Saturn have pursued 
their stately courses among the fixed stars, and the 
glories of those constellations which shine with equal 
splendour upon all the planets of the solar scheme 
hav^ been displayed in all their unchanging magnifi- 
cence, while as yet our earth* was the abode but of 
hideous reptiles, or of yet more monstrous creatures in 
forest and in plain. 

If this argument were really of force, doubtless 
there are no planets in the whole range of the solar 
system to which it might not be applied. Each has 
some special object of beauty in its heavens, which is 
not exhibited to the rest. Certainly Mercury and 
Venus are no exceptions to this rule. The inhabitant 
of Mercury sees in Venus an orb which,;when favour- 
ably situated, far outshines in splendour^ the brightest 
of the planetary orbs seen in our shies. So far, indeed, 
as light-giving power is concerned, Venus must be no 
contemptible moon to the Mercurials when she is nearly 
in opposition. Our earth, too, with its companion 
moon, must form a noble object in the sky of Mercury, 
though, without telescopic aid, the moon perhaps may 
not be separately visible. To the inhabitants of Venus 
Mercury and the earth must be splendid objects. The 
former would not pnly appear much larger than to 
ourselves, but being seen almost as favourably as we 
see Venus, would form a much more striking object in 
the morning or evening sky of that planet. The earth, 
as seen by th^ inhabitants of Venus, must shine much 
more splendidly than Jupiter does in our skies. Our 
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moon must be distinctly visible^ so that, without the 
aid of any telescope, the inhabitant of Venus has such 
evidence of the Copernican theory as would suffice, if 
properly handled, to rout the ranks of the Ptolemaists, 
supposing there have ever been people in Venus fo?)lish 
enough to imagine the tiny globe they live upon to be 
the centre of the universe. 
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CHAPTEE IV. 

MAES^ THE MINIATUEE OF OUE EAETH. 

It is singular that^ among all the orbs which circle 
around the sun, one only, and that almost the least of 
the primary planets, should exhibit clearly and immis- 
takably the signs which mark a planet as the abode 
of life. We have examined Mercury and Venus, the 
only other orbs which belong, like the earth and Mars, 
to the scheme of the minor planets, and ^e have found 
little to guide us to any certain conclusion respecting 
their physical habitudes. When we pass beyond the 
wide gap which sepafates the minor planets from the 
giant members of the solar family, we shall find much 
to attract our admiration, much to force upon us the 
belief that these orbs have been created to be the 
abodes of even nobler races than those which subsist 
upon our earth; but we shall find little to justify us 
in asserting that .they resemble the eaarth in those 
habitudes which seem essential to the wants of terrestrial 
races. The planet Mars, on the other hand, exhibits 
in &e cleare^ manner the traces of adaptation to the 
wants of living beings such as we are acquainted with. 
Processes are at work out yonder in space which 
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appear utterly useless, a real waste of Nature’s energies, 
unless, like their correlatives on earth, they subserve 
the wants of organised beings. 

I would not indeed insist, as some have done, too 
strongly upon this argument. I know that on every 
side we see tokens of aii exuberant activity in Nature, 
which, according to our ideas, may appear to savour of 
wastefulness. The cloud which has been raised by 
the solar energies from tropical seas, and which the 
winds have wafted over continents, may shed its 
waters on the sea or in the desert, where seemingly 
theyof are wholly wasted. Winds may spend their 
force apparently in vain. And in a thousand ways 
Nature’s busy forces may be at work where we, in our 
short-sightedjiess, can see no useful purpose which they ^ 
subserve. ^ 

But there is a marked distinction between such 
apparent instances of wasteful action, and the sys- 
tematic processes which are taking place over the 
crli^be of Mars. 

o * 

Little as we can appreciate the real character of 
Nature’s work upon our earth, we can yet dimly trace 
out a necessity (depending upon the order which 
actually exists) for that which yet appears to resemble 
waste. W» see, for instance, that if a country or a 
continent is to be provided with a due supply of rain, 
without supernatural intervention at every step of the 
process, that result can only be secured by whatemay 
be described as a random distribution, involving always 
what to us resembles waste. If, out of a thousand 
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showers, ten only fall so as to be useful to the land, the 
object of Ifature is subserved, and the useful rainfalls 
serve to explain the seemingly wasted ones. In reality, 
of course, there has not been a random distribution, 
nor has there been any waste ; I infer, merely, that a 
sort of purpose is, in such a case, dimly seen, even by 
man, who can see so short a distance into the workings 
of the Almighty. 

But in the case of Mars we have no such explana- 
tion of the processes we observe, if we dismiss our 
belief that he is the abode of living creatures. For if 
Mars be, indeed, untenanted by any forms of life„,then 
these processes going on year after year, and century 
after century, represent an exertion of Nature’s en- 
^ergies which appears absolutely withoujf. conceivable 
utility. If one cloud out of a hundred of those which 
shed their waters upon Mars, supplies in any degree 
the wants of living creatures, then the purport of those 
clouds is not unintelligible ; but if not a single race of 
beings peoples that distant world, then indeed we se^m 
compelled to say that, in Mars at least, ITature’s forces 
are wholly wasted. Such a conclusion, however, the 
true philosopher would not care needlessly to adopt. 

Let us consider what astronomy has taught us 
respecting the ruddy planet. ^ 

The globe of Mars is about 5,000 miles m diameter, 
so that his linear dimensions bear to those of the 
eartlji the proportion of about 5 to 8. His surface, 
therefore, is l,e»S than that of the earth in the proportion 
of about 25 to 64, or, more exactly (and more con- 
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veniently), the surface of the earth is 2^ times as 
extensive as that of Mars. 

The substance of Mars has an average density 
rather less than three-fourths of our earth’s, or very 
nearjiy four times that of water. Thus gravity at his 
surface is much less than terrestrial gravity. It is, in 
fact, even less than gravity at the surface of Mercury, 
insomuch that one of our pound weights placed at the 
surface of Mars would weigh but 6 ozs. 3 dwts., instead 
of nearly 7 ounces as on Mercury. I have already dwelt 
on the effects of such a relation as this, and shall have 
occasion, when describing the habitudes of Jupiter, to 
discuss the converse relation. But I may remark, in 
passing, how singular it is that we should be compelled 
to people tha smallest planets with the largest inhabit-^ 
ants, if we ^ish to bring the inhabitants of different 
orbs to about the same scale of activity. A Daniel 
Lambert on Mars would be able to leap easily to 
a height of five or six feet, and he could run faster 
tl^n the best of our terrestrial athletes. A man of 
his weight, but proportioned more suitably for athletic 
exercises, could leap over a twelve-feet wall. On the 
other hand, a light and active stripling removed to 
Jupiter would be scarcely able to move from place to 
place. On the sun his own weight would simply crush 
him to death. 

Mars travels in an orbit of considerable eccen- 
tricity ; in fact, the centre of his orbit is no leas, than 
13,000,000 of miles from the sun. Accordingly, the 
light and heat he receives from that luminary vary 
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to an important extent. In fact, he gets about half as 
much heat and light again when in perihelion as when 
in aphelion. This circumstance affects to an impor- 
tant extent the climatic relations of his two hemi- 
sphopes, as we shall presently see. 

When Mars is at his mean distance from the sun, 
the light and heat he receives are less than ours in the 
proportion of about 4 to 9. The length of his year 
also constitutes a noteworthy circumstance in which 
his habitudes differ from those of our earth. His year 
contains very nearly 687 of our daj s, so that each of 
the Martial quarters lasts about 5f of our months. 
But, owing to the eccentricity of his orbit, the winter 
and summer of the northern and southern hemispheres 
are not equal. The Martial day is nearly ibrty minutes 
lonocer than oui'S.* 

O 

His equator is inclined at an angle of about 27 ^ 
degrees to the plane of his orbit, and as the corre- 
sponding inclination in the case of the earth is about 
23i degrees, it will be seen that his seasonal changes 
do not differ much in character, so far at least as they 
depend on inclination, from our own. 

The axis of Mars is so situated that the summer 
of his northern hemisphere occurs when he is at his 
greatest distance frpm the sun. The same relation 
holds in the case of the earth, the sun being 1,560,000 

* More exactly, tbe length of the Martial day is 24h. 37m 22-735S. ^ 
This estimate I have obtained by comparing pictures taken by Hooke in 
1666,^ and by Da^s and Browning m 1866-1869— with precautions 
sufficing to secure that no complete rotation should anywhere be lost 
bight of. 



MARS, THE MINIATURE OF OUR EARTH 89 

miles nearer to ns in winter than in summer, whereas, 
to those who live in the southern hemisphere, he ap- 
proaches nearer in summer than in winter. But the 
effects resulting from the relation in the case of Mars 
must he very much more striking than thosjB we 
recognise. For whereas the sun gives only one- 
fifteenth more heat to the whole earth in January than 
he does in July, the sun of Mars gives half as much 
light again in perihelion as in aphelion. The sum- 
mer of the northern hemisphere of Mars must be ren- 
dered much cooler and the winter much warmer by this 
arrangement. On the other hand, the contrast between 
the summer and winter of the southern hemisphere is 
rendered more striking than it otherwise would be. 

It is, however, the telescopic aspect of Mars rathe® 
than relaticgis such as we have been dealing with, 
that affords the most interesting evidence respecting 
the fitness of the planet to be the abode of living 
creatures. Although the least but one among the 
primary planets, — a mere speck compared with Jupiter 
and Saturn, Mars has been examined more minutely 
and under more favourable circumstances than any 
object in the heavens except the moon. He does not 
approach us so closely as Venus, nor does his disc 
appear large as Jupiter’s, j-et he is seen more 
favourably than the former planet, and on a larger 
scale, in reality, than the latter. In fact, whereas 
Venus is one of the most unsatisfactory of all telescopic 
objects. Mars is one of the most pleasing; and whereas 
Jupiter is always more than 380,000,000 of miles from 
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US, iSlars sometimes approaches us within less than 
40^000,000 of miles. 

Yet even this distance is enormous, and it affords 
high evidence of the skill with which modern tele- 
scopes are constructed and used, that astronomers 
should have been able to span that mighty gulf, and 
to bring from beyond it reliable information respecting 
the structure of so distant a world. 

Such information has been brought, however, and is 
full of interest. 

Viewed with the naked eye, the most remarkable 
feature Mars presents is his ruddy colour. In^the 
telescope this colour is not lost, but instead of charac- 
terising the whole surface of the planet, it is confined 
4o particular regions, — the intermediate pa^ts being for 
the most part darker, and of a somewhat greenish hue. 
But a noteworthy feature adds largely to the beauty 
of the picture presented by the globe of Mars. Two 
bright spots of white light are seen on opposite sides 
of his disc, presenting precisely such an appearan(?e 
as we might imagine the snowy poles of our earth to 
exhibit to an astronomer on the planet Venus. 

Towards the edge of the disc, the ruddy and the 
greenish tracts are lost in a misty whiteness, which 
grows gradually brighter up to the very border of the 
planet. We shall presently see that this peculiarity, 
rightly understood, is one of the most instructive fea- 
tures nf the planet’s aspect. 

No telescopist has yet been able to recognise a 
satellite attending on the Planet of War. 
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It was discerned, ^more than two hundred years ago^ 
that the reddish spots on Mars, and the darker regions 
which lie between them, are not accidental or variable 
phenomena, but represent permanent peculiarities of 
the Martial surface, Cassini, with one of those outra- 
geously long telescopes which were used before the 
invention of achromatic refractors, was the first to dis- 
cover this. But the ingenious Hooke seems to have 
obtained better views of Mars in 1666. At least, his 
pictures of the planet are the only ones taken in the 
seventeenth century, in which I can recognise the 
now well-known aspect of the Martial continents and 
oceans. 

Since then, Maraldi and the Herschels, Arago, 
Secchi, Kunowski, Beer, and Madler, and a host of 
other eminent astronomers, have not thought the study 
of the planet’s aspect beneath their notice. Within 
the last few years, also, this work has been prosecuted 
by Nasmyth and Jacob, Delarue and Phillips, and 
finally and most successfully by Lockyer and Dawes, 
The last-named observer, especially, whose acuteness 
of vision earned for him the title of the eagle-eyed, 
took so many and such admirable views of the planet 
as to render it possible to form a globe of Mars. Sir 
William Herschel had charted the planet, and Messrs. 
Beer and Madler had made improved Martial maps ; 
while Professor Phillips, from observations made by 
himself and Mr. Lockyer, had consli^Ot^ two ^globes 
of Mars in which many features wefi'presented. But 
Mr. Dawes’s pictures of the planet wer^e sufficient, when 
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carefully compared, for the formation of a globe in 

which no large area of the planet should be left bare of 
details. He entrusted to me no less than twenty-seven 
drawings of Mars, the choicest specimens of a very 
large. series, that I might chart the planet from them. 
Four of his drawings are shown in the accompanying 
plate. They are so selected, that the features just 
coming into view in one are just passing away in the 
next. The accompanying chart of Mars, in which the 
darker parts of the planet are assumed to be seas, and 
the reddish tracts continents, exhibits the results ob- 
tained from the study of the complete series. This 
chart is on the stereographic projection, and is inverted 
— the south polar regions, that is, are at the top — be- 
r^ause the telescopes commonly used by observers ex- 
hibit inverted views of the celestial objects.* At the top 
of the map we see the icy region which lies at the 
southern pole of Mars. Around that region is a sea un- 
named in the map. Then along the southern temperate 
zone there lie several tracts of Martial land, named 
after Cassini, Lockyer, and other astronomers. These 
regions appear to form a continuous land-belt round 
the temperate zone ; though there is some uncertainty 
on this point, owing to the fact that the coast-line is 
not often very distinctly visible. We now approach, 
however, a part of the map where all the features are 
thoroughly recognised and permanent Next to the 

* Mr. Browning, tP E A S , has formed a globe of Mars from my 
chart, and publishes an interesting senes of photographs of this globe, 
which give fine stereoscopic effects. 
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circle of land just d&cribed, there is a nearly complete 
circle of water, one strip only of land connecting the 
equatorial continents of Mars with the south temperate 
zone of minor continents. Beginning at the eastern 
or left-hand extremity of the map, we have a long sea 
called Maraldi Sea, parallel to which runs ‘Hooke Sea, 
trending in a north-westerly direction, and so running 
into Dawes Ocean; still farther west are two vast 
islands, called Jacob Jsland and Phillips Island, be- 
tween which runs Arago Strait. Beyond these islands 
lies Delarue Ocean, communicating by narrow straits 
witla two strikingly similar seas. Here the zone of 
water ends, and we have only to note further respect- 
ing it, that in Delarue Ocean there is a large island, 
which presgats so strikingly brilliant an aspect that it 
has been supposed to be covered (ordinarily) with 
snow. It has been called Dawes’s Ice Island. 

I now come to the most remarkable feature of the 
Martial geography, — or perhaps I ought rather to say, 
areography. This is the great equatorial zone of 
continents. There are four of these. On the left of 
the map is Herschel I. Continent. Next is Dawes 
Continent, the largest of the four, and separated from 
the former by a long sea called Kaiser Sea. This sea 
is one of Jiie most striking marks on the planet, and 
has been recognised from the earliest days of telescopic 
observation. It is connected towards the east with a 
flask-shaped sea, somewhat resembling the twq which 
lie at the western extremity of the zoEe of water just 
described. At its northernmost end it turns shai’ply 
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westward, and forms the sonthern%oundary of Dawes 
Continent. Further west lies Madler Continent, sepa- 
rated from Dawes Continent by a long strait, which 
runs almost directly north and south. Lastly, there is 
Secchi Continent, separated from Madler Continent 
by Bessel Inlet and from Herschel Continent by 
Huggins Inlet. A large lake on the last-named con- 
tinent is worthy of notice on account of its singular 
shape. It consists of two bell-shaped seas connected 
by a narrow and sharply-curved strait. 

The northern half of Mars has not been so tho- 
roughly examined as the southern, for a reason which 
will presently be mentioned. It is known, however, 
that, in all essential respects, it resembles the southern 
hemisphere. Next to the equatorial zone o£ continents, 
there comes a zone of water, expanding at one point 
into Beer Sea, and at another into Tycho Sea. Then 
comes a zone of land, called Laplace Land, in which 
lies an enormous lake called Delambre Sea. Next is 
a narrow zone of water, called the Schroter Sear; 
and so we reach the north polar ice-cap. 

I have been speaking of the spots on Mars as though 
they undoubtedly represented land and water. But 
many may be disposed to question the evidence we have 
on this point, — to ask why the ruddy spots'^should be 
held to be continents or islands, and the greenish- 
coloured markings to be oceans, seas, and lakes ? We 
know 4hat for a long time after the invention of the 
telescope, asLrcVhomers called the darker portions of the 
moon, seas. They spoke of the Sea of Serenity, the 
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Sea of Crises, the S5a of Humours, and so on ; anS. we 
now know for certain that these dusky regions are not 
seas. It may be asked, therefore, how we can feel 
certain, that the dark spots on Mars are oceans. 

At first sight, this question seems a difficult one 
to answer. The most powerful telescopes have been 
directed towards the moon, without affording any 
satisfactory information respecting the condition of its 
surface. Mars, therefore, which lies — even under the 
most favourable circumstances — more than one hundred 
and sixty times farther from us than the moon, might be 
thonght to be altogether beyond the reach of our tele- 
scopists, — so far, at least, as any knowledge of the 
Martial surface is concerned. But one important dis- 
tinction between Mars and the moon must be carefully 
attended to. The surface of the moon is always the 
same, — no natural processes seem ever to take place over 
that scene of desolation, though the moon is exposed 
to contrasts of temperature, compared with which the 
(ij^tinction between the intensest heat of our summers 
and the bitterest cold of our winters seems altogether 
evanescent. But on Mars, the case is certainly different. 
Whatever opinion we may form respecting Martial 
habitudes, whether we assume or not that Mars is 
the abode ^pf any forms of animal life, there can be no 
question whatever that physical processes of change 
are taking place on a grand scale in that distant world. 
Many evidences of this can be at once adduced.^ We 
have spoken of the Martial features as cOhstant. They 
differ, for instance, from the markings on Jupiter, which 
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are as changeful as the aspect of 8ur April skies. But 
though the same marking may have been seen by 
Hooke in 1666^ by Maraldi in 1720, by Herschel in 
1780, by Beer and MMler in 1830-37, and by Dawes 
in 1852-65, yet it by no means follows, that it is 
always visible when the part of Mars to which it 
belongs is turned towards us. A veil is sometimes 
drawn over it for hours or even days together. And this 
veil has nothing to do with the distinctness or indis- 
tinctness with which our own atmosphere permits us to 
see the planet. A spot will be blurred and indistinct 
when a neighbouring marking is exhibited withr un- 
usual clearness. 

Lfet us consider an instance of this peculiarity. On 
* October 3, 1862, Mr. Lockyer was obs;^rving Mars 
late in the evening. He noticed that a part of Dawes 
Ocean, where it borders on Herschel Continent, was 
hidden from view. In place of the ordinarily dark 
aspect of this region, a faint misty light, with ill- 
defined borders, was observable. As the evening pro- 
gressed, he noticed that the outlines gradually became 
clearer, but when he gave up observation (at about 
half-past eleven), the white light still continued to 
veil the outline of a part of Dawes Ocean, Now Mr. 
Dawes observed Mars on the same night at a quarter 
past twelve. The drawing which he took at that 
hour shows that the process of clearing up noticed by 
Mr. Lockyer as being in progress in the earlier part 
of the night, ffad, by the time Mr. Dawes began work, 
entirely lifted off the veil which concealed the coast- 
line. The remains of the misty light seen by Lockyer 
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are still to be detected, in Mr. Dawes’s drawing. Hut 
they have passed further south, and no longer hide 
the shores of Dawes Ocean. 

The Padre Secchi of the Collegio Romano states, 
that he has often noticed similar appearances, while 
observing Mars with the fine refractor in the observa- 
tory of that institution. 

But yet another peculiarity of the same sort remains 
to be mentioned. Mars, as I have said, has his mnter 
and summer seasons. Since we know the position of 
the Martial equator upon his surface, w’-e can tell what 
seasoBkis in progress in either hemisphere at any given 
time. Now it has been noticed, that when it is winter 
in one hemisphere, and therefore summer in the other, 
the former hgnisphere is nearly always hidden from 
view by just such a veil as I have spoken of above. 

I may remark, in passing, that this peculiarity has 
led many observers to form very erroneous impressions 
respecting the distribution of land and water over the 
suirface of Mars. Seeing one hemisphere covered for 
wrecks together with whitish light, they have concluded 
that there are no oceans there; and if they have no 
other opportunity of observing the planet, the mistaken 
impression remains, and is published to the world with 
all the authority of the observer’s name. 

Now what is this veil which, sometimes for a few 
hours or days, at others for months fogether, is drawn 
over the features of the Martial globe ? Have we any 
terrestrial analogies, by means of which we may in- 
terpret this phenomenon ? 


H 
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*To answer these questionsf let ns conceive the 
case of an observer on Venus^ watching our earth. 
Would such an observer always see the features of 
this globe with equal distinctness? When heavy 
masses of cloud are drawn over a wide expanse of 
country— spreading often, as meteorologists record, for 
hundreds and even thousands of miles— can we suppose 
that the astronomer on Venus could pierce through 
the veil ? Since we cannot see the bright body of the 
sun through a dense cloud- veil, we may be certain 
that the observer on Venus cannot see the oceans and 
continents of our earth when thus cloud-shadowed. 
So far as the cloud-veil extends, the lands and seas of 
this globe would be to him, at such a time, as though 
they were not* 

Here, then, we have an argument from analogy for 
supposing that the veil, which from time to time con- 
ceals the Martial features, may resemble terrestrial 
cloud-banks. Let us next inquire whether there is 
anything in the behaviour of the Martial veil to justify 
this view. 

It is clear that if we held the concealing medium to 
be of a cloudy nature, the disappearance of the features 
of the hemisphere which is passing through the Martial 
winter, would indicate that in winter the Martial skies 
are more clouded than in summer. We know that 
this is the case on our own earth, — that fogs and mists, 
clouds, rain, and snow, are phenomena far more fre- 
quently obferved in winter than in summer. We 
' know also why it is so. The cold winter air is unable 
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to retain the aqueous vapour continually passing into 
it, and is thus forced to precipitate this vapour in one 
or other of the forms just named. Nor can we see 
any reason why the Martial atmosphere, supposing it 
to resemble our own, should not act in precisely the 
same manner. Thus we recognise, in the remarkable 
seasonal peculiarity above described, what seems to be 
the exact counterpart of processes recognised upon the 
earth. 

And though I admit that there is considerable ob- 
jection to the mode of argument I am next going to 
make^use of, yet as it is one which has great weight 
with many minds, and is not without its own peculiar 
force, I feel justified in applying it as a subsidiary 
support to tb^ views I am discussing. It is known 
that the peculiarities which characterise terrestrial 
atmospheric phenomena tend in an important manner 
to mitigate the extremes of summer and winter tempe- 
rature. The clouds which hang over our winter skies, 
fair from acting to increase the coldness of winter 
through their effect in keeping off* the sun’s rays, in 
reality represent an enormous supply of heat brought 
from warmer parts of the earth, and liberated for our 
benefit as the invisible vapour of water assumes the 
form of clou& or rain. And althoiJgh these processes 
are strictly in accordance with natural laws, yet we 
are justified in recognising them as evidences of the 

m 

beneficence of the Almighty. Now on lifers, we may 
be sure, the winters tend to be far more bitter than 
ours, partly because of his greater distance from the 
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smxj but oliiefly because of the more marked contrast 
existing between his various seasons. Hence, if there 
are living creatures on Mars, it can scarcely be doubted 
that an arrangement such as that which prevails on 
eari:h is yet more necessary to the welfare of the 
Martialists. Thus we derive an argument from the 
a priori consideration of the nature of Martial require- 
ments, to favour our interpretation of the phenomena 
actually observed. 

Perhaps the reader may be disposed to inquire 
whether the clearing up of a portion of the Martial 
disc observed by Lockyer and Dawes admits of inter- 
pretation in a similar way. To this it may be replied, 
that from the observed position of the region in 
question, the Martial time of day theye must have 
been somewhere about noon when Mr. Lockyer began 
his observations, and about one o’clock in the afternoon 
(according to our terrestrial mode of reckoning) when 
Mr. Dawes observed the planet. It is no uncommon 
thing to see our terrestrial skies clear up soon after 
mid-day ; and if the veil which conceals the Martial 
features is really cloudy, this is precisely what happened 
out yonder, forty millions of miles away from us, on 
the day in question. 

I think the reader will at least concede that the 
explanation here given of these peculiarities is more 
natural than one which was put forward some time 
sinde by an^eminent French astronomer. He urged 
that Martial vegetation, instead of being green like 
ours, is red ; hence in the Martial summer the surface, 
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as seen by us^ assumes a ruddy aspect, while 'Ihe 
wintry hemisphere loses its ruddy tint. According 
to this interpretation, such changes as were noticed by 
Secchi would indicate the sudden blooming forth of 
Martial vegetation over hundreds of square miles of 
the Martial surface ! 

To the evidence already dealt with may be added 
that which is afforded by the whiteness of the disc of 
Mars near the edge. Knowing that the parts of 
Mars which thus appear concealed in mist are those 
where it is morning or evening to the Martialists, we 
see close analogy here to terrestrial relations, since 
our own skies are commonly more moisture-laden in 
the morning and evening than near mid-day.* 

I may her« pause, in passing, to notice under what ' 
difficulties the observation of Mars is conducted by 
the terrestrial observer. To begin with, the sky must 
be exceptionally clear; and none but the practised 
observer knows how seldom there occurs what is called 
^ a^good observing night.’ Then it must be a fine clay 
for the Martialists y for clouds over Mars, or even an im- 
perfectly clear atmosphere, must produce quite as bad 
an effect in spoiling the definition of Martial features 
as similar phenomena on earth. Again, Mars only 

* In the ‘Popular Science Eeview/ for January 1869, 1 have indicated 
a subsidiary explanation of this peculiarity, founded on the probable 
shape of the Martial clouds Por the same reason that, near the horizon 
our own cumulus clouds seem more cloSely packed than overhead, the 
Martialists would see a clearer sky overhead than near the horizon It 
follows at once, that we should see those parts of th^ surface of Mars 
best, which we look down upon in a nearly vertical direction, that is, the 
central parts of his disc. 
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comes into a favourable position 5nce in every two and 
a quarter years, continuing to be well placed for only 
a few months. Thus it happens, that although Mars 
has been telescopically observed for more than two 
hundred years, the actual time during which he has 
been favourably placed for observation has been very 
much less; and taking into account all the require- 
ments for good definition, it may be said that Mars 
lias not been under really effective observation for 
more than a very few days. 

Of course, if we admit that the vaporous envelope 
which occasionally hides parts of Mars is aqueom, we 
must believe in the existence of oceans upon Mars. 
And from our knowledge of the appearance of our 
own seas, we should immediately recognise the greenish 
parts of Mars as the Martial oceans, and look upon 
the ruddy parts as continents. We have seen that the 
behaviour of the vaporous envelopes corresponds to 
that of our own clouds and fogs. But it might be 
thought possible that the vapours arise from fluids 
other than water ; that, in fact, a state of things exists 
upon Mars wholly different from that which prevails 
upon our own earth. 

Ten years ago it would have been very difficult to 
disprove such an argument as this, however bizarre it 
may seem. But the wonderful powers of the spectro- 
scope have been applied to this question, and there is 
no ^mistaking the results which have been obtained. 
We must premise, that this is hardly a favourable case 
for the application of spectroscopic analysis, which (as 
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available to tbe astronomer) deals most effectively whb 
self-luminons objects. Still, there was a possibility 
that the light which comes from Mars might have been 
so acted upon by vapours in the Martial atmosphere, 
that its spectrum would be affected in an appreciable 
manner. 

Mr. Huggins examined Mars in 1864 without satis- 
factory results, but at the opposition of Mars in 1867 
he was more successful. In the following description 
of his most striking observation I epitomise his 
account : On February 14 he examined Mars with a 
spectiaoscope attached to his powerful 8-inch refractor. 
The rainbow-coloured streak was crossed, near the 
orange part, by groups of dark lines agreeing in posi- 
tion ^ with li:^es which make their appearance in the 
solar spectrum when the sun is low down, so that its 
light has to traverse the denser strata of our atmo- 
sphere.’ To determine whether these lines belonged 
to the light from Mars or were caused by our own 
at^jiosphere, Mr. Huggins turned his spectroscope 
towards the moon, which happened to be nearer the 
horizon than Mars, so that the atmospheric lines would 
be stronger in the moon’s spectrum than in that of the 
planet. But the group of lines referred to was not 
visible in thi lunar spectrum. Hence it was clear that 
they belong to the Martial atmosphere, and not to ours. 

I have said that these lines appear in the solar 
spectrum when the sun is shining through the depser 
strata of our atmosphere. Let us considS: a moment 
the light which this fact throws on the nature of the 
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M^irtial atmosphere. It must l^ontain at least those 
constituent yapours whose existence in our atmosphere 
causes the appearance of these lines in the solar spec- 
trum. Hence there must be some similarity between 
the Martial atmosphere and our own. But we know 
from the researches of the Padre Secchi, that it is the 
aqueous vapour in our air which causes the appearance 
of the lines in question. Hence there must be aqueous 
vapour in the Martial atmosphere. 

This discovery at once justifies the title of the pre- 
sent chapter. Let us consider what a number of inter- 
esting results follow from it. • 

The water in the Martial air must be raised frona 
seas and rivers upon the planet. These, therefore^ 
consist of water and not of other fluids. The two 
white spots, then, on the Martial disc are no longer 
doubtful appearances. Before the discovery that water 
exists on Mars, it was perhaps somewhat bold to pro- 
nounce that these spots certainly indicate the presence 
of ice-fields around the Martial poles, resembling thfi^se 
which exist around the poles of the earth. Sir William 
Herschel, indeed, with that confidence which he always 
showed when he had a trustworthy analogy to guide 
him, came to this conclusion on the strength of the 
correspondence between the changes of the two spots 
and the progress of the Martial seasons. But many 
astronomers felt that there was still room to doubt 
whether we could really speak of the spots as 
The snowy poles of moonless Mars-. 

Now, however, we know that they can be no other 
than snow-caps. Nay, if Mars were so far otf that we 
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could not distinguish^liese spots, we could yet,\^5t:he 
strength of what the spectroscope has taught us, 
nounce confidently that his polar regions must be ice- 
bound. 

Let us proceed a step or two farther. "We have 
seen that there are oceans on Mars ; we know that 
clouds and vapours rise from those oceans and are 
wafted over his continents; and, finally, we have learned 
that snow falls on the Martial polar regions. These 
things are very interesting in themselves, but they 
indicate the occurrence of processes yet more inter- 
esting. The formation and the dissipation of clouds 
are among the most important of all the processes by 
which Nature arranges and modifies the temperature 
of our earth.^ The heat of the sun’s rays is used up, so 
to speak, in raising aqueous vapour from the surface 
of the ocean. Thus the air is rendered cooler than it 
otherwise would be, and this takes place just where 
coolness is most needed. But the aqueous vapour, 
ojjce raised, is swept by the winds to other regions. So 
long as the air remains warm the aqueous vapour re- 
mains unchanged ; but so soon as it has been carried 
to colder regions it is condensed into the form of cloud 
or mist, and while changing to this form it parts with 
the heat which had turned it into vapour. Thus where 
heat is in excess, it is used up in forming aqueous 
vapour, and where heat is wanted there the aqueous 
vapour distributes it. 

We see, then, that on Mars there exTsts the same 
admirable contrivance for tempering climates which 
we find on our own earth. 
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But let us consider yet another office fulfilled by 
aqueous vapour. It not only serves to convey the 
heat from the warmer parts of the earth to those 
regions where heat is most needed. It forms clouds 
which serve to shelter the earth from the sun’s heat by 
day, and to prevent the escape of the earth’s heat by 
night, which also, in refreshing rains, ^drop fatness 
on the earth.’ Now the clouds on Mars are certainly 
dissipated in some way, because, as I have said, 
astronomers have repeatedly seen them disappear. 
And doubtless, like our own clouds, they are often 
dissipated by the sun’s heat. But we may take ^t for 
granted, that, like our terrestrial clouds, they are also 
often dissipated by falling in rain. Thus the Martial 
lands are nourished by refreshing rain-fajls ; and who 
can doubt that they are thus nourished for the same 
purpose as our own fields and forests, — namely, that 
vegetation of all sorts may grow abundantly ? 

But yet again, the transit of clouds from place to 
place implies the existence of aerial currents. Clou^Js 
cannot, indeed, even form and be dissipated without 
occasioning wind-currents ; and it need hardly be said 
that the Martial clouds could not be carried to his 
polar regions, there to fall in snow, unless the atmo- 
spheric currents on Mars were extensive and persistent. 
We see, then, that Mars has winds as our earth has. 
Doubtless his trade-winds are less marked than ours, 
bec^pse his surface rotates less rapidly than the earth’s, 
his globe beii?g much smaller, while his rotation-period 
is slightly greater. But he has less need for trade- 
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mnds, his oceans beilig so much less extensive than 
ours. No Columbus on Mars has ever needed the 
persistent breath of easterly winds to encourage him 

his voyage to an undiscovered continent. iR/ather^ 
the intricate navigation of the narrow Martial seas 
would be favoured by variable breezes. But the 
great purposes which the circulation of our own 
atmosphere subserves are carried out efficiently out 
yonder on Mars. The air is cleansed and purified, its 
thermal and electrical conditions are regulated, clouds 
are wafted from place to place ; and, in fine, the atmo- 
sphere is rendered fit for all those purposes for which, 
like our own, it has doubtless been created. 

We may trace yet further, however, the results 
which flow fisom the existence of aqueous vapour in 
the atmosphere of Mars. We see the polar snows 
aggregating in the Martial winter and diminishing in 
the Martial summer. And we know that, on our own 
earth, the increase and the diminution of the polar 
sn^ws are processes intimately associated with the 
formation and maintenance of the oceanic circulation. 
Doubtless much yet remains to be done before that 
system of circulation will be fully understood. The 
rival views which have been maintained by Sir John 
Herschel aiSd Captain Maury have^ served to throw a 
certain air of doubt over the theory of ocean-currents.* 

* If Herschel has completely overthrown Maury’s theory that currents 
are altogether due to differences of specific gravity, saltness, and on, 
Maury has at least been as successful m overthrowing Sbrschel’s theory, 
that the currents are due to the trade-winds A theory more probable 
than either is, I think, that according to which the whole system of 
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Blit whether we ascribe the eqtShtorial currents of oiiv 
oceans to the trade-winds with Herscheb or to differ- 
ences of specific gravity with Maury, we see that, in 
the first place, both causes operate in the case of Mars, 
and secondly, that the submarine return-currents from 
our polar regions must, at any rate, be due to the 
presence of ice in the polar seas. So that undoubtedly 
the Martial oceans, so far as their peculiar conform- 
ation will permit, are traversed by currents in various 
directions and at various depths. 

Then, lastly, there must be rivers on Mars. The 
clouds which often hide from our view the large? part 
of a Martial continent, indicate a rainfall at least as 
considerable (in proportion) as that which we have on 
the earth. The water thus precipitated on the Martial 
continents can find its way no otherwise to the ocean 
than along river-courses. 

As to the nature of these rivers again, we may form 
conjectures founded on trustworthy analogies. The 
mere existence of continents and oceans on Mars 
proves the action of forces of upheaval and of depres- 
sion. There must be volcanic eruptions and earth- 
quakes, modelling and remodelling the crust of Mars. 

circulation is set in motion by the continual evaporation going on in 
equatorial seas. Thus, by^ process resembling suction, Sn m-draught of 
cold water is caused, and this water coming from higher latitudes, where 
the earth’s eastwardly motion is less, to lower latitudes, where the east- 
warclly motion is greater, produces the relatively cold and westwardly 
equa^Kirial currents which exist in the Atlantic, Indian, and Pacific 
Oceans. Eecenr researches into the temperature of the deep sea have 
tended strongly to confirm these views, which I dealt with at some 
length in the * Intellectual Observer’ for May 1867. 
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Thus there must be fountains and hills, valleys and 
ravines, water-sheds and water-courses. All the various 
kinds of scenery which make our earth so beautiful 
have their representatives in the ruddy planet. The 
river courses to the ocean, by cataract and lake, l^ere 
urging its way impetuously over rocks and boulders, 
there gliding with stately flow along its more level 
reaches. The rivulet speeds to the river, the brook 
to the rivulet, and from the mountain • recesses burst 
forth the refreshing springs which are to feed the 
Martial brooklets. 

Who can doubt what the lesson is that all these 
things are meant to teach us ? So far, let it be re- 
membered, we have been guided onwards by no specu- 
lative fancies^ but simply by sober reasoning. But 
can we pause just here ? Shall we recognise in Mars 
all that makes our own world so well fitted to our 
wants, — ^land and water, mountain and valley, cloud 
and sunshine, rain, and ice, and snow, rivers and lakes, 
oo«an-currents and wind-currents, without believing 
further in the existence of those forms of life without 
which all these things would be wasted? Surely, ‘ if 
it is rashly speculative to say of this charming planet 
that it is the abode of life — ^if we must, indeed, limit 
ourselves to»the consideration of A^-hat has been abso- 
lutely seen — it is yet to speculate ten thousand times 
more rashly to assert, in the face of so many probable 
arguments to the contrary, that Mars^is a barren 
waste, either wholly untenanted by living creatures, or 
inhabited by beings belonging to the lowest orders of 
animated existence. 
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CHAPTEE V. 

JXJPITER^ THE GIANT OP THE SOLAB SYSTEM. 

Passing over the zone of asteroids, we come now to 
the noblest of all the planets — the giant J upiter. If 
bulk is to be the measure of a planet’s fitness ^o be 
the abode of living creatures, then must Jupiter be 
inhabited by the most favoured races existing through- 
out the whole range of the solar system. Exceeding our 
earth some 1,230 times in volume, and more than 300 
times in mass, this magnificent orb was rightly selected 
by Bre'vyster as the crowning proof of the relative 
insignificance of the earth in the scale of creation — 
assuming only that we can indeed gauge the purposes 
of the Creator by the familiar tests of measure and 
weight. 

Or if we estimate J upiter rather by the forces in- 
herent in his system, if we contemplate the enormous 
rapidity with which^ his vast bulk whii-ls 20 und upon 
its axis, or trace the stately motion with which he 
sweeps onward on his orbit, or measure the influences 
by which he^sways his noble family of satellites, we are 
equally impressed with the feeling that here we have 
the prince of all the planets, the orb which, of all others 
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in the solar scheme, sifggests to us conceptions of the 
noblest forms of life. 

The very symmetry and perfection of the system 
which circles round Jupiter has led many to believe 
that he must be inhabited by races superior in inti^lli- 
gence to any which people our earth. The motions of 
these bodies afford indeed to our astronomers a noble 
subject of study. Our most eminent mathematicians 
have given many hours of study to the phenomena 
which the four moons present to the terrestrial ob- 
server. But we can trace only the general movements 
of th^ satellites of J upiter. Their minor disturbances, 
the effects of the varying influences which the sun and 
Jupiter exert upon them, and which the moons exert 
upon each otiher, must tax the powers of far abler 
mathematicians even than he who ^ surpassed the whole 
human race in mental grasp,’ 

But, after all, we must judge of Jupiter rather 
according to the evidence we have, and the analogies 
which are most directly applicable to the case, than 
according to fancies such as these. We know that the 
sun, which surpasses Jupiter in weight and volume 
even more than Jupiter surpasses the earth, is yet 
not the abode of life, so that mere size and mass 
must not bs held to argue habitability. We know 
that many meteors and comets sweep through spaces 
more swiftly than the vast bulk of J upiter, so that the 
energies indicated by mere velocity of motion, whether 
orbital or rotational, must be eciually disregarded. 
Nor must we forget that ages before men studied the 
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mdlions of our own moon, shf presented the same 
noble subject of study that she forms in our day for 
an Adams, a Leverrier, or a Delaunay. Even now a 
thousand grand problems are presented to our men of 
soiree which escape their notice, and we might as 
reasonably argue that there must be creatures existing 
unperceived amongst us, who deal with these problems, 
as that, out yonder in space, there must be beings who 
study the complicated motions of the Jovial satellites. 

Jupiter presents the following principal physical 
habitudes : — 

He has a diameter of about 85,000 miles, or neasrly 1 1 
times as large as the earth’s, a surface 115 times larger, 
and, as I have said, a volume more than 1,200 times 
lai'ger. Gravity at his surface is about two and a half 
times as great as on our earth’s, so that such creatures 
as exist around us would find their weight much more 
than doubled if they were removed to Jupiter. He 
lies more than five times farther from the sun than our 
earth, and the light and heat which he receives fom 
that orb are reduced to about one-twenty-fifth of our 
supply. He rotates on his axis in rather less than ten 
hours (9 hours, 55 minutes, 26 seconds), so that the 
length of his day is considerably less than half of ours. 
His axis is nearly^perpendicular to his erbit, so that 
there are no appreciable seasonal changes^ as he sweeps 
round the sun in his long year of 4,332^ days. 

It will be^convenient to consider, first, the j^robable 
influence of the great attractive power of Jupiter upon 
the dimensions of the various orders of living creatures 
existing upon his surface. 
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The grandeur of his* orb naturally suggests, at first 
sight, the idea of beings far exceeding, both in might 
and bulk, those which live upon the earth. Old 
Wolfius was led to a similar conclusion in another 
way. I quote his quaint fancies as quaintly presented 
by Admiral Smyth. ^ Wolfius,’ says the genial saifor, 

^ not only asserts that there are inhabitants in Jupiter, 
but also shows that they must necessarily be much 
larger than those of the earth ; in fact, that they are of 
the giant kind, and nearly fourteen feet high by eye- 
measurement. And thus he proves it. It is shown in 
optics,»that the pupil of the eye dilates and contracts 
according to the degree of light it encounters. Where- 
fore, since in Jupiter the sun’s meridian height is much 
weaker than on the earth, the pupil will need to be 
much more dilatable in the Jovial creature than in the 
terrestrial one. But the pupil is observed to have a 
constant proportion to the ball of the eye, and the ball 
of the eye to the rest of the body ; so that, in animals, 
th^ larger the pupil the larger the eye, and conse- 
quently the larger the body. Assuming that these 
conditions are unquestionable, he shows that J upiter’s 
distance from the sun, compared with the earth’s, is as 
26 to 5 ; the intensity of the sun’s light in J upiter is 
to its iatensity on the eajrth in a duplicate ratio of 5 to 
26.’ The eyes of the Jovials and their dimensions 
generally must be correspondingly enlarged, and ^ it 
therefore follows that even Goliath of Gath would h^-ve 
cut but a sorry figure among the natives *of Jupiter. 
That is, supposing the Philistine’s altitude to be some- 

I 
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■wliere between eight feet and eleven, according as we 
lean to Bishop Cumberland’s calculation, or the Vatican 
copy of the Septuagint. Now Wolfius proves the 
size of the inhabitants of Jupiter to be the same as 
that of Og, king of Bashan, whose iron camp-bed was 
nine cubits in length and four in breadth — or rather he 
shows, in the way stated, the ordinary altitude of the 
Jovicolae to be ISyWo" Petris feet, and the height of Og 
to have been feet. See his Works, vol. iii. 

p. 438.’ 

This exact determination of the dimensions of J ovial 
men would be very pleasing and satisfactory, jwere it 
not that another line of argument guides us at least 
as conclusively to a very different view. If we are to 
assume that beings resembling men all attributes 
except size, actually exist on J upiter, we ruight claim 
for these beings the power of moving from place to 
place as freely as we do, with quite as much reason as 
Wolfius claimed for them the same powers of vision 
that we possess. Proceeding according to this vjew, 
we are led to the conclusion that the JovicolcB are pyg- 
mies about two and a half feet, on the average, in 
height. Por we know that a man removed to Jupiter 
would weigh about two and a half times as much as 
he does on our own earth. He would thu^be oppressed 
with a burden equivalent to half as much again as his 
own weight. This would render life itself an insup- 
portable burden; and we have to inquire what difference 
«of size would suffice to make a Jove-man as active as 
our terrestrial men. Now the weight of bodies similarly 
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proportioned varies as third power of the height ; 
for exam})U\ a body twice as high as another — in other 
respects similar — will be eight times as heavy. But 
the niiiseular power of animals varies as the cross 
section of corresponding muscles, or obviously as *the 
S(|uaro of the linear dimensions; so that of two animals 
similarly constituted, but one twice as high as the 
other, the larger would be four times the moi^c power- 
ful. lie would weigh, however, eight times as much 
as the other. lie would therefore be only half as 
active. Similarly, an animal three times as high as 
anothffr of similar build, would be only one-third as 
active ; and so on for all such relations. Now, since a 
terrestrial man removed to Jupiter would be two and 
a half times «s heavy as on the earth, it follows ob- 
viously, that a man on Jupiter proportioned like our 
terrestrial men would be as active as they arc, if 
his height were to theirs as one to two and a half. 
Hence, setting six feet as the maximum ordinary 
height of men on the earth, wc sec that the tallest and 
handsomest of the flovicohe can be but two and a half 
feet in height, if only our premiitses arc correct Thus 
Tom Tlmml) and other little fellows, if removed to 
Jupiter, might be wondered at for their enormous 
height, and^eagerly sought after fey any Carlylian 
Frederics who may be forming grenadier corps out 
yonder. 

One line of argument having thus led ui^to regard 
the Jovicolse as Ogs of Bashan, while another equally 
plausible has reduced their dimensions to those of our 
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two-year-old cMdren, we may fairly conclude that 
tHs method of reasoning is fallacious. We must not 
measure the inhabitants of other worlds according 
to the conceptions suggested by the forms of life we 
are acquainted with upon earth. We must admit the 
possibility that arrangements as different from those 
we are familiar with as the constitution of the insect 
is from that of man, may be presented amid the orbs 
which circle round the sun. It were unwise, no doubt, 
to give free scope to speculation where we have in 
truth no means of forming an opinion. We need not 
imagine, as some have done, that ^ the inhabitSnts of 
Jupiter are bat-winged,’ or with others, ^ that they 
are inveterate dancers.’ Nor, to take the views of 
more respectable authorities, need we agree with Sir 
Humphry Davy, that the bodies of the J ovials are 
composed of ^numerous convolutions of tubes more 
analogous to the trunk of the elephant than anything 
else ; ’ with Whewell, that they are pulpy, gelatinous 
creatures, living in a dismal world of water and ice with 
a cindery nucleus ; nor finally, with Brewster, that the 
Jovial may have his ^home in subterranean cities 
warmed by central fires, or in crystal caves cooled by 
ocean tides, or may float with the Nereids upon the 
deep, or mount upon wings as eagles, or^ise upon the 
pinions of the dove, that he may flee away and be at 
rest.’ So soon as we give a definite form to the con- 
cd^^tions t]^at the imagination, free from the control of 
exact knowledge, frames respecting the inhabitants of 
other worlds, we touch at once on the grotesque, the 
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hideous, or the ridiculous.^ It is sufficient to recog- 
nise the probability, or rather the certainty^ that the 
beings of other worlds are very different from any we 
are acquainted with, without endeavouring to give 
shape and form to fancies that have no foundation in 
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fact. 

W e may regard it as probable, however, that living 
creatures in Jupiter, if any exist, are built generally 
on a much smaller scale than those which people our 
earth. Trees, plants, and the vegetable world gene- 
rally, must also, one would imagine, be very differently 
constituted from those we are familiar with. It is 
well known that the motion of the vegetable juices is 
in part regulated by the force of gravity, and therefore 
it must be admitted that the structure of terrestrial 
plants is in part dependent upon the value of gravita- 
tion at the earth’s surface. Whewell, in his ^Bridg- 
water Treatise ’ on the astronomical evidence of design 

* It may be worth while to gather a lesson from this circumstance 
W*? know that every form of life is replete with evidences of adaptation 
(no matter how secured) to the conditions which surround it We have 
thus evidenced to ns, as forcibly as possible, the perfection of the laws 
by which the Creator rules the Universe, and a measure (if one may so 
speak) even of that which is inconceivable by us— his infinite wisdom 
Now man, with all his knowledge of the Creator’s ways, yet so soon as 
he passes the boundary of the known, pictures to himself all manner of 
unnatural and impossible forms of existence. Even the unknown parts 
of our own earth have been peopled ere now, in imagination, with ‘ men 
whose heads do grow beneath their shoulders,’ and other similarly in- 
congruous beings. It IS more excusable, perhaps, that an anatomically 
impossible structure should have been assigned to angels (the ehembim 
have been even more unfortunate), while the Evil One, t^t ‘ goeth about 
as a roaring lion,’ has had the principle attributes of a class of mim- 
nantm assigned to him. 
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in •Creation^ lays great stress on#tMs relation^ pointing 
out, if I remember right, that all vegetation would be 
destroyed at once if there could suddenly take place 
any marked change in the earth’s attractive forces. 
If this view is correct, it is certain that none of our 
plants could thrive on the soil of Jupiter. 

The year of Jupiter diffei's in a much more striking 
manner than that of Mars from our terrestrial year. 
It consists of nearly twelve such years as ours, so that 
the period corresponding to one of our seasons lasts 
nearly three years, and a Jovial month is nearly equal 
to one of our terrestrial years. He has, howev^, no 
seasons in our sense of the word, since his equator is 
inclined but little more than three degrees to his orbit. 
Thus a perpetual spring reigns all over his surface. 

But before we proceed to form a high opinion of 
the planet’s condition under the influence of this 
perpetual spring, let us distinctly understand what the 
words mean. The word spring has a genial sound to 
ourselves, because we associate it with that which Js 
commonly the pleasantest portion of our year ; but it 
is just possible that the perpetual spring reigning over 
Jupiter, though doubtless well adapted to the wants 
of his inhabitants, leads to a state of things such as we 
might not find altogether so agreeable. ^ 

Admiral Smyth says that ^ as the rays of the sun 
fall perpendicularly on the body of the planet* and 

* Jn the sai^ paragraph Admiral Smyth says that, as seen from 
Jupiter’s equatorial regions, the sun would seem to move through the 
heavens with great rapidity, while near the polar regions the sun’s 
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ahvays continue to do So, the heat must be as nearly 
as possible equal at all times of the year — a perennial 
summer: this is a striking display of beneficent ar- 
rangement.’ But we must be cautious in adopting, 
this mode of argument in dealing with the Creator’s 
ways. That the arrangement is beneficent, we need 
not of course question. But that we can recognise 
the way in which it is beneficent is quite another 
matter. If Jupiter’s great distance from the sun is 
compensated for by this peculiar disposition of his axis, 
and we are to admire the beneficence thus displayed, 
are w5' therefore to find fault with the Creator for not 
dealing similarly with Saturn, Uranus, and Neptune, 
which, being farther from the sun, have greater need 
than Jupiter ^f some special adaptation of the sort ? 
It seems safer to consider the consequences which flow 
from the arrangement without any special reference 
to the design of the Creator in permitting them, lest, 
in our over-anxiety to recognise beneficence in the 

motTon will be comparatively slow, and be will be seen to describe only 
a small semicircle above the horizon. The direct reverse is, however, 
the case, the sun’s path and the rapidity of his apparent diurnal motion 
being nearly constant for all parts of Jupiter, and throughout his year. 
Admiral Smyth seems to have thought that the variations of the sun’s 
path in Jupiter corresponded to those observed in the progress of a year 
at any place on the earth’s equator, the sun always rising vertically 
and always describing a complete semicircle, though attaining different 
altitudes at different seasons The real fact is, that in all parts, of 
Jupiter the sun describes a complete diurnal semicircle, attaining a 
different mid-day altitude in different jplaces But as he always nses 
nearly due east, and sets nearly due west (as he does in ^ring-timc all 
over the earth), he necessarily crosses the horizon at dirorent angles as 
seen in different places, and always describes about half of a great 
circle of the sphere. 



120 


OTHER WORLDS THAN OURS. 


treatment of one world, we sBould adopt a mode of 
reasoning which leads to the direct conclusion that 
other worlds have been ill cared for. 

- The great peculiarity resulting from the 'arrange- 
mej3.t in question, — the only peculiarity, in fact, of 
which we can speak with any confidence, — consists in 
this, that everywhere on Jupiter, day and night are of 
equal length. It is in this sense only that perpetual 
spring — or perpetual autumn, if we please — reigns on 
the giant planet. The different latitudes of Jupiter 
have climates differing quite as much as those found 
in different latitudes on our own earth. JTt the 
equator the sun passes every day nearly to the point 
overhead. At the poles the sun seems to glide 
along the horizon, rising in the east, passing round 
— always near the horizon — towards the south, and 
thence to his setting-place in the west. In inter- 
mediate latitudes, the sun passes to a southerly eleva- 
tion which is greater or less, according as the place is 
nearer to or farther from Jupiter’s equator. It follcrws 
that there is a marked difference between the sub- 
equatorial and the sub-polar regions in Jupiter, while 
between these regions every intermediate climate is to 
be found. 

Owing to the yapidity of Jupiter’s fetation, the 
motion of the sun in the Jovial sky must be much more 
readily discernible and measurable than that with 
which the ^n seems to pass across our own heavens. 
He traverses the whole semicircle, .from the eastern 
to the western horizon, in two minutes less than live 



JUPITER, GIANT OF TSE SOLAR SYSTEM. 121 

m 

hours, or about six degrees in ten minutes. This 
corresponds to a motion through a space equal to the 
sun’s diameter (as we see him) in fifty seconds, and must 
be readily discernible, even to the unaided vision of 
the Jovicol 03 , unless their eyesight is much inferioi: to 
ours. The smallness of the sun, as seen from Jupiter, 
must help to render the motion more perceptible. He 
presents to them an apparent diameter only equal to 
about one-fifth of that with which we see him, so that 
in ten seconds he seems to pass over a space equal to 
his own diameter. 

Tfie other celestial bodies are affected with similar 
motions, as seen from Jupiter. Of course, those seen 
near the poles of his heavens seem relatively at rest. 
One of these'^poles lies in the heart of the constellation 
Draco; the other lies close by the great Magellanic 
Cloud, which must present a magnificent cynosure to 
the inhabitants of the southern hemisphere of the 
planet. The contrast between the steadfastness of the 
pnlar star-groups and the swift motions of the equa- 
torial constellations, must be impressive indeed. These 
equatorial groups are no other than our old friends 
the zodiacal constellations. As seen by the inhabitants 
of Jupiter, they rise with a perceptible but stately 
motion ab^e the eastern horizon, pass to their cul- 
mination on the southern meridian, and so to their 
setting-place in the west — exhibiting the same splen- 
dours which the terrestrial astronomer delights to gaze 
upon, enhanced by the peculiar impressions of active 
power suggested by visible and obvious motion. 
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It may seem, at first sight, thftt the presence of the 
Jovial satellites must tend to dim the splendour of the 
sidereal heavens. Our own moon, despite the beautiful 
jjassage* in which Homer has described the calm 
beauty of a moonlit night, certainly detracts largely 
from the magnificence of the star-groups ; and as at 
times there must be four moons visible above the 
horizon of the Jo vials, it might* seem that all but the 
brighter stars would be quite obliterated. The first 
moon must appear somewhat larger than our own ; the 
next has an apparent diameter rather more than half as 
large as that of our moon ; the third (really the largest) 
appears about as large as the second ; and the fourth 
has an apparent diameter equal to about a quarter of 
our moon’s. Thus, in all, they cover a space on the sky 
more than half as large again as that which our moon 
covers. But in reality, they cannot have nearly so 
marked an efiFect in dimming the lustre of the stars. 
For it must not be forgotten, that they shine only by 
reflecting the sun’s light, and that he illuminates them 
but faintly, in comparison with the light he pours 
upon our own moon. In efiFect, supposing their reflec- 
tive capacities equal to the moon’s, they must appear 
less brilliant than she does, in the proportion of about 
one to twenty-five 5^ and combining this Jesuit with 
the above relation, it follows, that even if they could 

* Homer must not be held responsible for Pope’s amazing description, 
whichy strangely enough, has found an ardent admirer in one of our best 
modern observeSS, Homer did, however, mention as a charaetenstie of 
the moonht sky, that * all the stars shine,’ a proof that sometimes, as 
Horace tells us, the great master nodded. 
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all be ^ full ’ together^fthey could send to the J ovials 
but about one-sixteenth part of the light we receive 
from the full moon. But, as a matter of fact, they 
cannot all be full together. The motions of the inner, 
three are so related, that, though there is nothing to 
prevent them from being all visible together,* yet 
when so visible, one only can be full. The fourth 
may be full at the same time, or, in fact, may be 
combined with the other three in any way, since its 
motions are not bound up with theirs as theirs are 
inter se. 

Evtn now, however, we have not reached a full 
estimate of the extent of the mistake which those 
astronomers have made, who speak of the splendour 
with which ijie satellites of Jupiter illuminate his 
skies. When at that part of their orbits where they 
would otherwise be full, the three inner moons are 
always eclipsed, and though the fourth, by reason of 
its great distance,! sometimes escapes eclipse, yet 
mq^e frequently it is obscured like the others. The 
two inner satellites are eclipsed for upwards of two 
hours, and as they occupy but a few hours in com- 
pleting their circuit round the sky,t it will be seen 

* Or all mYisible together. Lardner asserts the contrary , so that 
one would imagpine he had never seen all the^ moons together on the 
same side of Jupiter. 

t Not on account of the inclination of its orbit being large, as Sir 
John Herschel has said. The orbit of this satellite is, indeed, less 
inclmed than the orbits of the others , 

t Moving in a direction contrary to that due to rotation of 
Jupiter, they of course remain longer above the horizon than the sun, or 
the equatorial fixed stars. 
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ho^ largely this relation detifticts from their light- 
supplying powers. 

We see^ then, that those writers have been mistaken, 
jvho allege that the great distance of J upiler from the 
sun^ is compensated by the number of his moons, and 
the quantity of light they reflect towards him. So far 
is this from being the case, that, under the most 
favourable circumstances, they can supply during the 
Jovial night but about one-twentieth part of the light 
with which the full moon illuminates our nocturnal 
skies. The poetical descriptions which imaginative 
writers have indulged in, respecting the splenderur of 
the scene presented by these satellites, will not bear 
the dry light of numerical estimation. That the 
satelKte-system of Jupiter subserves iimportant func- 
tions, and affords, in reality, like all the works of 
the Creator, the amplest evidence of design, need not 
be questioned ; but that we have been able to under- 
stand the special purpose for which they have been 
created, — ^in fine, ^ to see,’ as the Creator does, ^ that 
they are good,’ — ^may be assuredly denied. 

Perhaps, if one were able to discuss ‘with advantage 
the special purposes which this or that portion of 
creation is intended to subserve, it might be argued 
that the outer pljnets have greater need of moons 
than the inner, because, their year being longer, there 
is greater occasion for objects whose motions shall 
serve as measures of time. The satellites of Jupiter 
supply, by their separate motions, convenient measures 
of the shorter time-intervals ; while, by their succes- 
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sive conjunctions, (i.7 in pairs, (ii.) the three inner 
together, and (iii.) the outer with pairs of the inner, 
they afford convenient measures of longer intervals. 

But let us turn from vague guesses at the purpose« 
of the Almighty, to the consideration of those facts 
which are actually presented to our notice. 

Eecognisihg the existence of varied climatic rela- 
tions in different parts of Jupiter, we have now to 
consider the climate of the planet generally, to con- 
template the position of this great orb in the solar 
system, and to determine how far its great distance 
from* the sun may be compensated by other relations. 

There can be no doubt that the amount of heat 
poured by the sun on any portion of J upiter’s surface, 
placed perpendicularly with respect to the heat-rays, 
must be very much less than the amount received 
by an equal portion of our earth’s surface, similarly 
situated. The direct heating effects of the sun must, 
in fact, as already stated, be less on Jupiter than on 
cfUr own earth, in the proportion of about one to 
twenty-five. And it cannot be doubted that the 
effects of this difference must be highly important, 
whatever arrangements may exist to compensate for 
the deficiency of heat. If we can demonstrate in any 
way that 'the mean temperature -of the J ovial atmo- 
sphere is equal to that of our own air, or ’even greater^ 
yet the difference of the sun’s direct heat involves 
a variety of consequences which we cannot disregard. 

We know, for instance, that it is principally the 
direct heat of the sun that causes the evaporation 
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of* water from the surface of (Oceans, seas, lakes, and 
rivers, and therefore all the important consequences 
which flow from the presence of aqueous vapour in 
iarge quantities in the earth’s atmosphere. We can 
cor(peive the existence of vapours in the air which 
might keep away from the earth’s surface the greater 
portion of the sun’s heat, and yet, by preventing 
the escape of the remainder by radiation into space, 
might leave the general warmth of the air around us 
as great as it is at present. But it cannot be doubted 
that such an arrangement would injuriously affect the 
whole economy of evaporation and its consequences, 
winds, rains, clouds, mist, with their consequences, so 
important for the welfare of terrestrial races. 

And in like manner other effects accruing from the 
direct action of the solar rays might be considered. 

It follows, then, that it is by no means sufficient to 
show how the heat which falls upon Jupiter may be 
stored up, through the action of some component of 
his atmosphere in preventing its radiation into spacfe. 
It is, indeed, of the utmost importance to know that 
even this is possible, because we are thus enabled to 
see that Jupiter is not necessarily an abode so bleak 
and desolate as some writers have imagined. In the 
following passage, J^i^ofessor Tyndall has e^Siibited the 
means by which this result may be brought about, 
and the inhabitants of the noblest planet in the solar 
system placed somewhat higher in the scale of crea- 
tion than Whewell surmised. ^ In these calculations,’ 
he remarked, referring to Whewell’s estimate of the 
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sun’s heating power o«l Jupiter and the other exterior 
planets, ^ the influence of an atmospheric envelope was 
overlooked, and this omission vitiated the entire argu- 
ment. It is perfectly possible to find an atmosphere 
which would act the part of a harl to the solar rays, 
permitting their entrance towards the planet, but pre- 
venting their withdrawal. For example, a layer of 
air, two inches in thickness, and saturated with the 
vapour of sulphuric ether, would offer very little re- 
sistance to the passage of the ether rays, but I find 
that it would cut off fully thirty-five per cent, of the 
plan<atary radiation. It would require no inordinate 
thickening of the layer of vapour to double this ab- 
sorption ; and it is perfectly evident, that with a pro- 
tecting envelope of this kind, perroitting the heat to 
enter but preventing its escape, a comfortable tem- 
perature might be obtained on the surface of our 
most distant planet.’ The difference between such 
an arrangement as this and the way in which the 
earth’s temperature is obtained, is the exact converse 
of that dealt with when we were considering the case 
of Mercury and Venus. Precisely as the mean tem- 
perature of the atmosphere of either of the interior 
planets may be no higher than that of our own air, 
while yet the sun’s direct rays continue wholly un- 
bearable, so the outer planets may have a perfectly 
comfortable temperature, while yet that direct solar 
heat which exerts so many important influences on^he 
earth, must be supplied only in quantities which we 
should find wholly inadequate for our wants. 
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I am far from desiring to infer that Jnpiter must 
therefore be uninhabited, or even that the creatures 
existing on his surface must necessarily differ wholly 
their nature from any with which we are familiar. 
But I think, that while, on the one hand, we must 
reject one of the chief arguments by which Whewell 
was led to people Jupiter with cartilaginous and gluti- 
nous creatures (!) floating in boundless oceans, so, on the 
other, we cannot accept without question the argument 
by which an effort has been made to indicate the possi- 
bility of a close correspondence between Jupiter’s cli- 
mate and our earth’s. * 

And here we are led to the most interesting and 
suggestive of all the relations exhibited by Jupiter, or 
rather to three closely associated relation^, which lead 
to views of a somewhat startling character. 

In common with the other large planets lying out- 
side the zone of the asteroids, Jupiter has a mean 
density falling very far short of the mean density of 
the earth or the other small planets which tray^el 
within that zone. According to the best estimates of 
his mass and apparent diameter, his mean density 
would seem to be rather less than one-fourth of the 
earth’s, or greater than the density of water by about 
one-third. It is worthy of remark, in fapt, that , his 
density is almost exactly the same as the sun’s, and 
considerably greater than that of the other three outer 
planets hitherto discovered. 

If we w^e quite certain that the disc measured by 
us exhibits the real outline of the planet, or that his 
atmosphere was not of abnormal extent, and that his 



JUPITER, GIANT OF THE SOLAR SYSTEM, 1 29 ^ 

globe was solid throughout, it would follow that tte 
substances composing Jupiter were either altogether 
different from those forming our earth, or that they 
were combined in very different proportions. On the • 
last point we can form no opinion. On the first ^we 
must be guided by the appearance of the planet. 

Thus we are led to the second of the three relations 
just mentioned — the appearance of well-marked but 
variable belts on the planet — and of other indications 
implying the existence of an atmosphere of great 
extent. 

The belts of Jupiter are commonly arranged with a 
certain symmetry on either side of the great equatorial 
bright belt, but sometimes there is a rather marked 
contrast between the northern and the southern halves 
of the planet. In colour the dark belts arc usually 
— when seen with suitable telescopic power * — of a 
coppery, ruddy, or even purplish tint, while the inter- 
mediate light bands vary from a pearly white in the 
equatorial belt, through yellowish-white in the middle 
latitudes of both hemispheres, to a greyish or even 
bluish tint at the poles. The picture of Jupiter which 
forms the frontispiece, while exhibiting many of the 


* What is required is not so much a high light-gathering as a high 
magnifying power, though both points are of importance. When the 
light is not adequately reduced by increase of magnifying power, the 
colour IS lost in the resulting ‘glare.’ Eeflectors seem to have an 
advantage over refractors in exhibiting the colours of the planets ; at 
least, nearly all the accounts in which the appearance of c^^our has been 
specially dwelt upon, have been received from observers who have used 
reflectors. 


K 
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features usually seen, is iuteuded specially to illustrate 
relations presently to be dealt witb. 

There is every reason to believe that these belts 
•indicate the existence of a very extensive vapour-laden 
atmosphere. The dark belts must not be considered as 
the true cloud-belts, because it must be remembered 
that we look upon the reverse side of the skyscape 
presented during the day to the Jo vials : so that where 
they see densely compacted dark clouds, we see the 
light which those clouds have intercepted ; and on the 
other hand, where they see clear spaces, the light 
which reaches them is not reflected to us without a 
considerable loss of brilliancy. Thus the dark belts of 
Jupiter are those regions where — if at aU — we see the 
true surface of the planet. ^ 

Now, viewing the belts in this light, have we any 
means of judging from their aspect what is the extent 
of the planet’s atmosphere? So far as I know, the 
question has never been considered, but it is well 
worthy of careful study. ^ 

It seems clear, in the first place, that if the bright 
belts really are cloud-belts, and the dark belts the surface 
of the planet, then on the edge of the planet’s disc we 
ought to see some irregularity of level — the cloud-belts 
projecting slightly ^beyond the real outline ^f the planet 
— ^if the atmosphere have that enormous extent which 
some astronomers have supposed. Whether such an 
appearan^ has ever been looked for I do not know, 
but it has certainly never yet been detected. 

We are forced to conclude, then, that either the 
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atmosphere of Jupiter '^is not sufficiently extensive to 
interfere appreciably with our measurement of the 
planet’s bulk, or else the dark belts belong but to a 
lower cloud-layer, not to the planet’s real surface. ® 

We have further evidence on this point in the 
appearance of dark spots on the dusky belts. These 
spots have even been described as black, though surely 
their appearing of that hue must be ascribed to the 
effect of contrast. Now these dark spots, which have 
been seen by Cassini, Madler, Schwabe, Airy, and 
others, may be regarded as the real surface of the 
planefXtinless they belong to a yet deeper cloud-layer), 
seen for awhile through openings in the cloud-bed 
to which the dusky belts belong. The reader will 
not fail to notice here some resemblance to what has 
been already mentioned respecting the sun-spots ; and 
when we come to the third and most striking of the 
associated features I am now dealing with, it will be 
seen that there may be more in the analogy than one 
might at first sight be disposed to imagine. 

How far the appearance of small round white spots 
on the dark belts may be considered as indicative of 
the extent and constitution of the Jovial atmosphere, 
it is not very easy to determine. That they are dense 
clouds, hanging suspended above the ^usky cloud-layer, 
must be admitted as highly probable, but it is open to 
question whether they have formed there in the same 
way that cirrus-clouds are seen to form at a great 
elevation above a layer of cumulus clouds, or whether 
they indicate the action of volcanoes beneath the dusky 
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layer^ propelling enormous streams of vapour through 
the superincumbent cloud-beds. 

The third point on which I have to dwell is the 
variability of the belt-system, under which head I 
incbide not only variations in shape and extent, but 
those much more significant changes of colour which 
have been recently discovered. 

So far as is yet known, there is no recognisable law in 
the changes of shape exhibited by the belts of Jupiter 
— ^no periodicity or intelligible sequence. It may be 
suggested, in passing, that a systematic and persistent 
scrutiny of the planet might lead to the dis^?overy 
of laws of this sort, which could not fail to indicate 
physical conclusions of the utmost importance. Nay 
further, since we cannot doubt that the condition of the 
real surface of Jupiter is in some sort refiected, so to 
speak, in the aspect of his cloud-envelopes, it seems 
far from unlikely, that a scrutiny of this sort might 
tell us where his oceans and continents, where his 
deserts, lakes, or rivers, are situated^ even though rno 
direct evidence of their existence might ever reward 
the observer. In these days, however, nine-tenths of 
those who are fortunate enough to possess fine tele- 
scopes prefer either to leave them idle, or to employ 
their powers in majiing observations, at gr^t pains and 
labour, which are not worth the paper on which they 
are recorded.* The few original observers we have 

* It is painfal to those who know what might he done in the 
numeions fine observatories now existing throughout England, to see 
the powers of many noble instruments — the ehef-^oeuvres of English 
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are overtasked by the multitude of questions o£ interest 
presented to their consideration^ so that many subjects 
of inquiry must perforce -wait, either till their turn 
arrives, or till those who have the means of studying: 
them choose to turn their thoughts from the sterile 
subjects they are now engaged upon. 

So far, then, as inquiries have as yet been pushed, all 
that can be asserted on the subject we are considering, 
is that the planet’s belts vary greatly in form, extent, 
and general appearance. At one time the dusky belts 
cover a large proportion of the planet’s disc, at an- 
other^they are singularly narrow. Now they are very 
regularly disposed, now they seem in some way under 
the action of disturbing forces of great intensity, 
causing them-to assume the most irregular figure. The 
accompanying pictiire of the planet (fig. 1.) as seen by 
Mr. Browning, with one of his own reflectors, indicates 
an appearance not uncommonly seen, a dark streak 

and comtinental opticians — devoted to puny imitations of the work done 
at^ Greenwich and other similar establishments. I speak on the 
authority of one of the first, if n.ot the very first, of our professional 
astronomers, when J say that these imitations, even though they ap- 
proached in character — which they do not and cannot — the operations 
superintended so ably by the Astronomer Boyal, would be a simple 
waste of time and labour. Nor is this the only way in which fine 
telescopes are wasted. While on every side there are subjects of research 
which most pr^ssingly require investigation, i^any of those who possess 
the requisite means and leisure for the purpose— nay, are not wanting 
in the necessary taste for observational research — are unhappily apply- 
ing themselves to going over, perhaps with relatively inferior powers, 
ground which has already been thoroughly ransacked by our great 
observers. With some ten or twelve exceptions — wiXch it is un- 
necessary to name — our private observatories seepa to have banished 
everything resembling originalilly. 
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exrtending obliquely across the planet’s equatorial 
regions. The number of belts is singularly variable. 
Sometimes only one has been seen^ at others there 
Jiave been as many as five or six on each side of the 
planet’s equator. In the course of a single hour Cassini 
saw a complete new belt form on the planet^ and on 
December 13 , 1690 , two well-marked belts 'vanished 



Fig 1. The Planet Jupiter (Browning) 


completely, while a third had almost disappeared in the 
same short interval of time. o 

But if we seem to recognise here the action of forces 
much more intense than those which influence the 
coi^ition of the earth’s atmosphere, we have still more 
striking evidence to the same purpose in the changes 
of colour which have recently been detected in the 





JUPlTBIt, GIANT OF THE SOLAR SYSTEM. 1 35 

great equatorial belt. ♦This belt is usually of a pearly 
white tint^ and has long been recognised as one of the 
most constant features of the planet’s aspect. As the 
mean surface of this belt cannot be less than a fifth of 
the whole surface of the planet, it is clear that any 
changes which may take place in its general aspect can- 
not but be of the utmost significance. Now, during the 
autumn of 1869 and the spring of 1870, this belt has 
been more strongly coloured than any part of the 
planet. Mr. Browning (to whom I am indebted for the 
beautiful painting of Jupiter, which formed the design 
from ^hich the Frontispiece has been taken), observing 
Jupiter in the earlier part of the above-named interval, 
found the equatorial belt of a greenish-yellow colour, 
which deepened in October 1869 to a full ochreish 
yellow, and in January of the present year had assumed 
an even darker tint, resembling yellow ochre. On one 
occasion, and on one only, he detected this tint in the' 
first bright belt north of the equator. While thus ex- 
hibiting strongly marked and changing colours, the 
equatorial belt has lost its right to be called, par ex-- 
cellence, the bright belt of the planet, being consider- 
ably inferior in brilliancy to the narrow bright, belts 
north and south of it. 

Other observers have also seen these colours. Mr. 
Slack, with a 6-inch Browning-With reflector, and 
Mr, Brindley, with an fl^-inch telescope of the same 
construction, have witnessed most of the change^ of 
colour above described ; and I myself, "using Mr. 
Browning's 12i-inch telescope, found the greenish- 



136 


OTHER WORLDS THAN OURS, 


yellow tint of the equatorial beli last autumn altogether 
unmistakable.* 

In the phenomena here described we have a problem 
whose interpretation is far from easy. Changes in the 
shape, disposition, and extent of the dark belts are 
sufffciently intelligible when we associate them, as we 
seem justified in doing, with variations in the position 
of the currents which traverse the vaporous envelope 
of Jupiter as the trades and counter-trades traverse 
the earth’s atmosphere. But the equatorial zone is 
Jupiter’s belt of calms, resembling in this respect the 
equatorial region, called by sailors the ^ doldrumsi’ and 
though occasional storms might be expected to agitate 
this region, yet processes of change continuing for 
several months in succession, can evidently not be at- 
tributed to any such cause. We are taught by the 
progress of recent research, to regard the colour of 
the light derived from any source as a relation of the 
most instructive character, and changes of colour, 
especially changes affecting so enormous a body ^s 
Jupiter, and so extensive a proportion of his surface, 
cannot but be looked upon as highly significant. Sup- 
posing we regard the ordinarily white light of the 
equatorial belt as indicative of the existence of 
enormous masses of cloud reflecting ordinary solar 

o 

* I had TOtten thus far only, when I attended the meeting of the 
Royal Astronomical Society on January 14, 1870, where Mr. Buckingham, 
the pwner of the great refractor 21^ inches in aperture from whose per- 
formance so 'finch was expected, mentioned that, as seen with this 
powerftd instrument, the great belt was resolved into a number of small 
coloured clouds on a white ground. 
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light to us, then we should have to regard the appear- 
ance of any other colour over this region as an indica- 
tion that these cloud-masses had been, through some 
unknown cause, either wholly or in part swept away^ 
— ^passing over the objection that this view leaves 
our diflEculty unexplained — even if we assumed that in 
this way a portion of the surface of J upiter had been 
brought into view, wholly or partially, why should this 
surface not exhibit a constant appearance ? We cannot 
suppose changes affecting Jupiter’s real surface are 
taking place with sufficient rapidity to explain the 
series? of strange colour-changes observed by Messrs. 
Browning, Slack, and other astronomers. But if, on the 
other hand, we assume that a portion of the light ordi- 
narily received from the bright belt is inherent — that 
is, that the planet is, to some extent, self-luminous, 
then there remains the difficulty of explaining by what 
conceivable processes the equatorial regions are filled 
with a yellow light, so full and bright as to reach our 
earth from beyond four hundred millions of miles. 

But I have spoken of the three relations last con- 
sidered — ^the small density of Jupiter, his extensive at- 
mosphere, and the changes which take place in the shape 
and colour of his belts — as associated phenomena. It re- 
mains thatJ should endeavour to ju^stify this statement. 

We know that WheweU, reasoning from the low 
specific gravity of Jupiter, was led to the conclusion 
that either the substance of the planet is wholly watery, 
or else a few cinders in the centre of Jupiter’s globe 
constitute the only solid portion of his substance. It 
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ne^d hardly be said that the wh^le progress of modern 
astronomy is opposed to this view. We have seen 
that in the sun the same elements exist as in the earth, 
%nd that in the only planet whose nature we have been 
able^to examine satisfactorily we find evidence of the 
existence of the same forms of matter that we see 
around us. It cannot but be held as highly impro- 
bable that the earth is the only member of the planetary 
system whose substance thus closely resembles that of 
the parent orb, nor is it likely that Mars is the only 
planet whose general atmospheric constitution resem- 
bles the earth’s. Far more probably the lesson we 
are really to learn from these circumstances is, that 
throughout the solar system a general similarity of 
constitution exists, the sun being, so lip speak, the 
type of the family over which he rules. Differences 
of condition we are compelled to recognise, since the 
sun itself, though constituted of the same elements as 
the earth, is in so different a state and has a mean 
density relatively so small ; but we have no eviden^te 
justifying us in believing that any important differences 
of constitution exist throughout the solar system. 

Thus we are led to regard the singularly small 
density of J upiter and of the other planets outside the 
orbits of the asteroids, as due rather to somepeculiarity 
in the condition of these orbs than to any such pecu- 
liarity of structure as Whewell insisted on. It will 
be seen at^once, that Jupiter’s extensive atmospheric 
envelope and the strange changes in the aspect of his 
belts are circumstances which tend strikingly to confirm 
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this impression. Let tt be remembered, that supposing' 
Jupiter’s globe even to be wholly covered with water, 
yet a sun twenty-five times further off than ours could 
not by any possibility load his atmosphere with the 
enormous masses of vapour actually present in it. ^Let 
it be remembered further, that the relatively sluggish 
action of the sun upon Jupiter could not by any possi- 
bility give rise to atmospheric disturbances so tremen- 
dous as those which are evidenced by the rapid 
changes of figure of his cloud-bands.* When to this 
we .add the relative minuteness of the seasonal changes 
on Jtpiter, we see at once, that unless some other cause 
than solar action were at work, the condition of J upiter’s 
atmosphere ought to be very much calmer than that of 
the earth’s. • 

It seems to me, that these considerations point with 
tolerable clearness to the conclusion that, within the 
orb which presents so glorious an aspect upon our 
skies, processes of disturbance must be at work wholly 
different from any taking place on our own earth. That 
enormous atmospheric envelope is loaded with vapor- 


* It IS -worthy of consideration, also, that even though the sun acted 
as efficiently upon the air and oceans of Jupiter (assumed to be similar 
to our own), yet atmospheric disturbances (due chiefly, as we know, to 
these two fonfts of action) could not possibly be so violent even as on 
our own earth, since corresponding latitudes on Jupiter (that is, regions 
where corresponding effects would be experienced) are separated by 
distances so very much greater. It is clear, that if along a certain zone 
of a planet the sun exerts a certain amount of influence, while along 
another he exerts a different influence, the result of ^e difference, 
looked on as a cause of atmospheric disturbance, must be smaller as the 
distance between the zones is greater. 
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oug masses by some influence rexerted from beneath 
its leveL Those disturbances which take place so 
frequently and so rapidly are the evidences of the 
action of forces enormously exceeding those which 
the sun can by any possibility exert upon so distant a 
globe. And if analogy is to be our guide, and we 
are to judge of the condition of Jupiter according 
to what we know or guess of the past condition of the 
earth and the present condition of the sun, we seem 
led to the conclusion that Jupiter is still a glowing 
mass, fluid probably throughout, still bubbling and 
seething with the intensity of the primaeval '^fires, 
sending up continually enormous masses of cloud, to 
be gathered into bands under the influence of the swift 
rotation of the giant planet. No otherwise, as it 
seems to me, can one explain the intense vitality, if one 
may use the expression, of a planet circumstanced as 
Jupiter is. No otherwise can one understand whence 
his atmosphere is loaded with vapour-masses whose 
contents must exceed, on a moderate computation, all 
the oceans on the surface of this earth. When we see 
masses so enormous swayed by influences of such 
energy, that intermediate belts, thousands of miles in 
width, are closed up in a single hour ;* when we recog- 
nise the tremendous character of the motions which, 
from beyond four hundred millions of miles, are dis- 

* JEven if 'we take the disappearance of a dark belt to be due to the 
formation of oiouds, which is perhaps more probable than that the clouds 
of neighbouring belts have closed %n^ the forces represented by the 
change are nevertheless tremendous 
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tinctly cognisable by •our telescopes, we see thatVe 
have no ordinary phenomena to deal with^ and that the 
theory we adopt for their explanation cannot be other- 
wise than striking and surprising. ^ 

If the view which I have here put forward — or rather, 
the view to which I have been led by a careful con- 
sideration of the phenomena which Jupiter presents 
to our contemplation — be indeed correct, we must of 
course dismiss the idea that the giant planet is at pre- 
sent a fit abode for living creatures. Yet need we not 
turn from his system with the thought that here at least 
our Kbpes of recognising other worlds have been dis- 
appointed. If Jupiter be still in a sense a sun, not in- 
deed resplendent like the great centre of the planetary 
scheme, but still a source of heat, is there not excellent 
reasonfor believing that the system which circles around 
him consists of four worlds where life — even such forms 
of life as we are familiar with — may still exist ? Those 
four orbs, which our telescopes reveal to us as tiny 
prints of light, are in reality globes which may be 
compared with the four worlds that circle nearest to 
the sun. I have shown that they cannot subserve the 
purpose which many astronomei's have ascribed to them, 
of compensating Jupiter for the small amount of 
light he receives, even if they could be seen from any 
point of his cloud-encompassed surface. So that, even 
adopting the commonplace and superficial view that the 
purpose of any object may be regarded as ascertained 
when we have been able to ask (without any ^vious 
answer) what other purpose it can subserve, we still 
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a.Ti led to the belief that the satellites of Jupiter must 
be tbe abode of life, since on this view, and on this 
view only, we find a raison d^Stre both for the planet 
and for the system which circles round him. 

TJiere are no considerations "which appear directly 
opposed to the view that Jupiter is in a sense a sun. 
It need hardly be said, that I do not regard him as 
being in the same condition as the central luminary 
of the planetary system. He is not an incandescent 
body, or if he is, the greater part of his light is veiled 
by the cloud-envelopes which surround him. The 
solar clouds are, as we know, themselves lumifious; 
those of Jupiter are not so, a circumstance which 
indicates that the heat of Jupiter is not sufficient 
to vaporise those substances which are rincandescent 
when in the liquid state. The outer layer of clouds 
must, therefore, be regarded as for the most part 
aqueous. We see there, in fact, the future oceans of 
Jupiter, if the hypothesis I am now dealing with be 
correct. ® 

That Jupiter may supply an immense amount of 
heat to his satellites (on this view of his condition) is 
perfectly clear, since the amount of light he emits is 
no adequate measure of the amount of obscure heat 
which I'adiates from Jaim to the four worlds around him. 
When we consider the enormous apparent size of 
Jupiter as seen from his satellites, we recognise at 
once how large a supply of heat he is capable of trans- 
mitting to them. From the outermost satellite his 
apparent diameter exceeds that of the sun (as seen by 
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us), some eight-fold, and his apparent size, therefore, 
exceeds the sun’s more than sixty-^fold. From the 
innermost he is seen with a diameter nearly forty times 
that of the sun, and with an apparent area more lhau 
1,400 times as large as his. ^ 

We have evidence, however, which renders it far 
from improbable that Jupiter may emit some small 
proportion of light. I have already referred to the 
singular excess of his brilliancy over that due to his 
size and his distance from the sun and from us. The 
estimates of Zollner, the eminent photometrician, serve 
to sht^w, not, indeed, that Jupiter sends more light to us 
than he receives from the sun, but that he sends much 
more light than a planet of equal size and constituted 
like Mars, th^ moon, or the earth, could possibly reflect 
to us if placed where Jupiter is. Whereas Mars re- 
flects but one-fourth of the light he receives, Jupiter 
reflects moi'e than three-fifths. The moon sends less 
than a fifth ; Saturn, Jupiter’s brother giant, more than 
aehalf. The late Professor G. Bond, of America, 
actually calculated that J upiter sends forth more light 
than he receives. Whetlier his observations or the more 
systematic observations of the German astronomer arc 
accepted, we see that unless we adopt some sucli hypo- 
thesis as IJiave dealt with above, we must recognise a 
marked difference between the relative light-reflecting 
capacities of the two largest planets of the system, 
and those of Mars or the mooiu In fact, from otlier 
researches of Dr. Zollner’s it follows, that^ifTupi ter 
do not shine in part by native light, his surface must 
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possess reflective powers nearly/equal to those ofwh.te 
paper. Now this would scarcely he credible, even 
though under the telescope the planet’s surface were 
found to be uniformly white ; but as we find a large 
progortion of it to be of a dull coppery hue, w^e seem ‘ 
forced to admit that it cannot really have an average 
reflective power nearly so great as that calculated by 
Zollner. It follows, as at least highly probable, that 
Jupiter shines in part by his own light, and this being 
admitted, we cannot but regard it as highly probable 
that the mass of the planet must be intensely hot. 

It may seem, at first sight, that the apparent Isiack- 
ness of the satellites’ shadows, as seen on the disc of 
Jupiter, is wholly opposed to the view that any portion 
of his light is native. But, as a matter.of fact, there 
is no force at all in this consideration, or rather, what- 
ever weight we may attach to the observed appearance 
of the satellites’ shadows is in favour of the strange 
theory here put forward. For it has been a subject of 
remark among the most experienced observers, that, a 
satellite in transit will occasionally appear as dark as 
its shadow, both seeming black. The blackness, then, 
is only apparent, and an effect of contrast. In reality, 
if such observations as I have mentioned are to be 
trusted (and I know no reason for disregarding theirf), 
the shadow of a satellite is not black, and therefore there 
seems no escape from the conclusion that the surface on 
which thej^ are projected is partially self-luminous. 

A stronger argument against the belief that Jupiter 
is , self-luminous, lies in the fact that the satellites 
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disappear in his shadsiw. It must be remember&d, 
however, that in any case we can assign but a small 
proportion of inherent light to Jupiter, and that his 
satellites would, therefore, in any case, lose so large » 
proportion of their light when passing into his sha^pw, 
that we might expect them to disappear, even under 
the closest telescopic scrutiny. 

Although I have already far exceeded the limits I had 
proposed to myself for the consideration of this noble 
planet, it is with regret that I take leave of him to pass 
onward to the outermost bounds of the solar system. 
I woidd fain dwell even longer than I have, on a sub- 
ject of contemplation at once so interesting and so 
instructive. Jupiter, the centre of a noble system of 
worlds, or Jupiter, himself a world, inhabited by 
beings as high perhaps in the scale of creation as he 
himself is in the scheme of the planets, is alike a 
worthy subject of study. The more one dwells on the 
features he presents, the more one is impressed with the 
seij^e of the grandeur of his position in the universe. 
Surely, whether now inhabited or not, he must be in- 
tended to be one day the abode of noble races. Surely 
no astronomer worthy the name can regard this grand 
orb as the cinder- centred globe of watery matter so 
cditt^gtuoiisly dealt with by one yho, be it remem- 
bered thankfully, was not an astronomer. He who 
has not gazed hour after hour on the glories of the 
giant planet, gathering fresh delight as feature after 
feature is revealed beneath his scrutiny — ^he who takes 
his astronomy but at secondhand from the pages of 

L 
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tKe real worker, turning fromp labours in other fields 
^to see what these star-gazers have to say/ may 
lightly disregard the grand lesson which the heavens 
«are always teaching, and find only the grotes(jue and 
the* incongruous, where in reality there is the per- 
fectest handiwork of the Creator, But the astronomer, 
imbued with the sense of beauty and perfection which 
each fresh hour of world-study instils more deeply into 
his soul, reads a nobler lesson in the skies. The music 
which reaches his ears may be fitful, but it is not ^ as 
sweet bells jangled out of tune and harsh ’ ; he may 
not master its full meaning, though every note'^thrills 
through his inmost soul ; but even when its sounds are 
least distinct they have a beauty and solemnity which 
are all their own. In fine, the true astronomer may 
say with the Pythagorean, but in another sense : 

There's not one orb which thou hehold’st 
But in his motion like an angel sings, 

Still q^uinng to the young-eyed cherubim ; 

But while this muddy -vesture of decay 
Both grossly close us in we cannot hear it. 
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CHAPTEE VI. 

SATUBN: THE BINGED WOELD. 

Ip Jupiter by bis commanding proportions affords a 
forceful argument against tbe view that our tiny earth is 
the oifly real world in the solar system, 'Saturn supplies 
an argument of scarcely inferior strength in the singu- 
larly complex character of the scheme of which he is the 
centre. No one can contemplate this glorious planet, 
as shown by a telescope of adequate power, without 
being impressed by the conviction that he is looking 
at a world altogether more important in the scheme of 
creation than the globe on which he lives. Whether 
he -recognises in the present condition of the planet the 
result of the action of those laws which the Almighty 
has assigned to His universe, or whether he prefers 
:be view that Saturn and his system are seen now as 
‘ ‘^cy were fai^hioned at the beginning by the Almighty’s 
he iy alike amazed- at the wealth of 
design exhibited in the scene he is gazing upon. He 
may not be able, indeed, to appreciate the true cha- 
racter of the purposes which the various p afds Q^t^ 
Saturnian system are intended to subserve, or he may, 
in the rash attempt to solve the mighty problem, be 

I. 2 
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led to erroneous conceptions ; b^t that the great planet 
is designed for purposes of the noblest sort, he cannot 
gravely question,^ 

' In volume and mass Saturn is inferior to Jupiter. 
Jupiter is 1,230 times, Saturn is not quite 700 times as 
large as the earth; and while Jupiter outweighs her 
300 times, Saturn is scarcely 90 times as heavy as she 
is. Still Saturn is sufficiently large and massive to 
dwarf our earth to insignificance ; and even UranuB 
and Neptune, though belonging to the family of the 
major planets, and giants compared with the earthy fall 
below Saturn far more than he does below Jupil!fer. 

Like Jupiter, Saturn rotates very rapidly on his 
axis, the length of his day being about 10-| of our 
hours. The materials of which Satur«L is composed 
have a mean density not much greater than half that 
of Jupiter, or less than three-fourths of the mean den- 
sity of water. In fact Saturn’s substance is specifically 
lighter than that of any known planet. It seems not 
impossible that we have in this relation some indication 
of the true cause of that complexity of detail which the 
Saturnian system exhibits. 

The equator of Saturn is inclined about 28^ degrees 
to the plane in which the planet moveS, so i^hat hig 
seasons (so far as ^they depend on this 

* I knov nothing better calculated to lead men to choose astronomy 
as their fai''oiinte subject of study, than the contemplation of the 
^nr nlan ^stem. I can -well remember the sensations with which — 
»ome years tince — I saw the ringed planet for the first time. I 
look on that fit’s: us my introduction to the most fascinating of all the 
sciences. 
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closely resemble in cbs^acter those of the planet Mstrs. 
He occupies about 29^ years in circling once round 
the sun, — this therefore is the length of the Saturnian 
year. His distance from the sun is nearly twice that 
of Jupiter and nearly 10 times that of the earth j so 
that the amount of light and heat which any portion of 
his surface receives from the sun is about -^ySt part 
of that received by a similar portion of the earth’s. 
His orbit being somewhat eccentric, however, there 
is a considerable variation in this respect during the 
course of a Saturnian year, insomuch that when he is 
nearest to the sun he receives more light than when in 
aphelion in the proportion of about 5 to 4. 

Most of the relations which have to be considered in 
discussing the^ habitability of Saturn have been already 
dealt with (under very similar conditions) in treating 
of other planets ; so that I propose to touch on them 
very lightly, in order to come more quickly to those 
circumstances which distinguish Saturn specially among 
the other members of the solar system. 

Gravity at his equator is almost exactly equal to 
gravity at the earth’s surface. Near the poles there 
is a marked increase in the action of Saturnian gravity, 
insomuch that a body weighing 10 pounds at his 
cqiS^OJ^^.uid weigh about 12 pounds at either pole. 
There is l*othing, however, in this peculiarity which 
need be specially dwelt upon. 

The length of the Saturnian year, and the small 
quantity of light and heat received from the sun, are 
simply more marked instances of what has already 
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be^n considered in the case af Jupiter. We may 
conclude with some confidence that these relations are 
quite sufficient to render Saturn wholly uninhabitable 
by such creatures as exist upon the earth ; but there 
seems no reason for supposing that (so far as these 
relations alone are concerned) the planet may not be 
the abode of living beings as high in the scale of crea- 
tion as any which live upon our globe. 

And thus viewing Saturn, we cannot regard even 
the exceptional effects produced by his ring-system as 
of themselves sufficient to banish life from his surface. 
These effects are not without interest, however, Shd as 
they have been mad^ the subject of some discussion, 
h may be permitted to make a few remarks upon 
them. ^ 

I apprehend that when Sir John Herschel said that 
the rings occasion an eclipse of nearly fifteen years 
in duration, first to the northern and then to the 
southern hemisphere of the planet, he meant simply 
that during an interval of such length a large portion^of 
either hemisphere was in shadow. He knew perfectly 
well that long after the edge of the ring has been 
turned directly towards the sun, a very large propor- 
tion of the hemisphere over which the Atis/h shadow, 
proceeds to sweep remains illuminated. It ay» 

seemed to me, therefore, altogether a mi^akc on the 
part of Dr. Lardner to interpret HerscheFs words as 
'though ing that a whole hemisphere of the planet 
ilTciip^^ for fifteen years in succession. 

So misinterpreting the expression used by Sir John 
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Herscliel^ Dr. Lardn^r^^n his desire to show that no 
such relation existed, was led into real mistakes which 
a sounder mathematician would not have fallen into. 
He examined the relations presented by the ring in 
a g'wa^z-mathematical, but inexact manner, and ca"n<r 
to the following conclusions: ^that by the apparent 
motions of the heavens produced by the diurnal rota- 
tion of Saturn, the celestial objects, including the sun 
and the eight satellites, are not carried parallel to the 
edges of the rings ; that they are moved so as to pass 
alternately from side to side of these edges ; that, in 
general, such objects as pass under the rings are only 
occulted by them for short intervals before and after 
their meridional culmination (^ec); that although, 
under some rare and exceptional circumstances and 
conditions, certain objects — ^the sun being among the 
number — are occulted from rising to setting, the en- 
durance of these phenomena is not such as has been 
supposed, and the places of their occurrence are far 
more limited.’ All these statements are more or less 
incorrect, and most of them are the direct reverse of 
the truth. The seven inner satellites of Saturn stand 
in an altogether different relation with respect to the 
|ings th^n 3(11 other celestial objects, since they travel 
plane and in circles concentric with the 
outlines of the rings : they can, therefore, no more be 
occulted by the rings, than an -outer ring can be 
occulted by an inner one. So far is it again from 
being true that the sun is in general only 
a short time before and after culmination, that the 
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mere common case (considering the whole planet) is 
for the sun to be eclipsed (if at all) throughout the 
whole of the Saturnian day ; and a very common case, 
]eft altogether unnoticed by Br. Lardner, is that the 
sun is occulted in the forenoon and afternoon, but free 
from eclipse in the middle of the day. Nor is it true 
that the places where the sun can be totally eclipsed 
throughout the day are limited to a relatively small 
portion of the planet, since every part of the planet 
whence the rings are visible at all, has the sun eclipsed 
by the rings throughout the whole day for a longer or 
shorter succession of rotations, and in the remaining or 
polar regions of the planet the sun is altogether absent 
for long intervals of time, for the same reason that he 
is absent from the skies of our polar regions during a 
comparatively short intervaL As for the endurance 
of the total diurnal eclipses, it is only necessary to 
remark, that in Saturnian latitudes corresponding to 
that of London or Paris the sun is totally eclipsed for 
more than five years in succession, while in the laAi- 
tude corresponding to that of Madrid he is totally 
eclipsed for nearly seven years in succession. This 
suflices to show that an arrangement which the in- 
habitants of earth would find wholly unendurable pi e- 
vails over a very large proportion of 

* The views here expressed as to the effects of the Saturnian nngs, 
are founded on exact mathematical calculation, of which the elements 

^ my treatise on Saturn. The problem is not by any means 

auc* the only way in which the erroneous views formed by 
Dr. Lardner can be explained, is by considering that he dealt with the 
problem in a general instead of an exact manner. I could not feel any 
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But if we consider ^e matter rightly, we shall ^ee 
that this, after all, need not surprise us, since there is 
already in the enormous distance of Saturn from the 
sun the amplest reason for believing that he cannot 
be inhabited by such creatures as exist upon the earth. 
It is in vain that by conceiving him to be surrounded 
by a dense atmosphere we assign to him a mean 
climate as warm as that of the earth. The want of 
direct solar heat still remains, and must be regarded 
as a fatal objection to the habitability of Saturn by 
races resembling those with which we are familiar. 

IiTthe case of Saturn as in the case of Jupiter, the 
provision of satellites and of the rings which form 
so glorious an object to the astronomer on earth, is 
altogether inadequate to increase the supply of light 
received by the Saturnians to any such extent as has 
been imagined. Those well-meaning persons who 
insist on their own interpretation of the Almighty’s 
designs, are singularly successful in overlooking very 
obvious difficulties. If the design of the rings, for in- 
stance, really were to compensate the Saturnians for the 
small amount of light which they receive from the sun, 
it would surely follow that there was a want of wisdom 
in the selection of an arrangement by which more light 
from Saturn than the rings can possibly 
reflect to him. And further, during the very season 

doubt as to the accuracy of my results, but I was uot the less pleased to 
receive a letter from Mr. Ereemau, a Eellow of St. Johu’s College, ^ik*- 
bridge, stating that he had obtained similar results, and 
a table on the plan of Table XI. in my ‘ Saturn,’ and so closely according 
with it as not to need separate publication. 
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when the extra light derived f»om the rings is most 
required by the planet^ that is during the long nights 
of the Saturnian winter, they exhibit a dark band upon 
t]je heavens, concealing whole constellations from the 
view^of the Saturnian people. As far as the satellites 
are concerned there is no corresponding difficulty. 
They undoubtedly reflect the sun’s light to Saturn, 
and if there really are intelligent beings on the planet, 
the satellites must undoubtedly present an interesting 
spectacle, especially when a large number of the moons 
are nearly full. But a little consideration will -'mw 
that even though all the satellites were full at tLo Sjtine 
time, the quantity of light they could send ba^k to 
their primary would » be wholly inadequate to com- 
pensate for the planet’s great distance ftom the sun. 
Accordiug to the best estimates of their magnitude, the 
eight satellites, taken in their order from the planet, 
cover spaces on the Saturnian heavens which bear to 
the space covered by our moon the respective propor- 
tions of about 2, 1, 1^, I, f, J, In all, then, 

they cover an area about six times that of our moon ; 
and as, owing to their great distance from the sun, they 
are illumined by only -j^th of the light which illu- 
minates our moon, they could only send back to the^ 
planet, if it were j)ossible for them to 
together, about ^th part of the light we receive from 
the full moon. It will be remembered that the light 
which could be reflected from the Jovial moons, if they 
coffiSSTbe"^ full together, bears about the same propor- 
tion to our moon’s. We seem forced to the conclusion 
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that the satelKt^s wereointended to subserve no such 
design as has been imagined. Here, as in many other 
cases, the scheme of the Creator is not so obvious to 
human reasoning as some have complacently supposed.. 

But we have now to consider peculiarities which 
suggest that Saturn’s globe has not yet reached a con- 
dition fitting it to be the abode of living creatures. 
These peculiarities resemble in great part those which 
have been already noticed in the case of Jupiter, but 
a certain most remarkable phenomenon belongs to 
the ringed planet alone. 

Th9 belts of Saturn resemble those of Jupiter in their 
general shape and also in their colour — see the accom- 
panying Plate. The dark belts ij,ear the equator are 
of a faint broym or ruddy tinge, those near the pole 
bluish or greenish grey, while the bright belts are 
yellowish — ^the equatorial belt being the brightest of 
all and almost white. The poles are commonly dusky 
and even sombre in hue. 

The belts change in aspect much as those of Jupiter 
have been observed to do ; and whether we regard the 
change as due to the bodily transference of the belts of 
cloud or to the precipitation of their material in the 
form of rain (while, elsewhere, invisible vapours are 
corwiensed iuto cloud), we are compelled to recognise 
the action of forces altogether exceeding those which 
the sun can be supposed to exert upon this distant 
planet. The light sent to us from Saturn also be^rs 
a much greater proportion to the amount of solsg* 
actually received by the planet than is observed in 
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thfe case of Mars or the Axomi and so nearly ap- 
proaches the proportion noticed in the case of Jupiter 
as to lead to the same inference — ^namely, that a portion 
pf Saturn's light is emitted from the body of the 
planet. 

In these respects^ and also in the small density of the 
planet, we seem to recognise evidence which points to 
Saturn as probably a heat-sun (if not to any very note- 
worthy extent a light-sun) to the satellites which circle 
round him, and not himself the abode of living crea- 
tures. Without dwelling further on evidence already 
fully considered in the case of Jupiter, I turn fb one 
of the most striking facts in the whole range of 
observational astroiwmy, as supplying at once new 
evidence respecting the condition ofi Saturn and 
strengthening the evidence adduced respecting Ju- 
piter. 

If it can be shown that Saturn’s globe is subject to 
changes of figure perceptible even across the enormous 
gap which separates him from the earth, it will at OBce 
be admitted that he can hardly be regarded as a globe 
conveniently habitable. Now I have very little hesi- 
tation in saying that evidence of the most conclusive 
kind exists in favour of this strange mobility of Rgvfre, 
It will presently be seen that it is with the obs«^>a- 
tions of no mere amateur astronomers that I have to 
deal in endeavouring to establish as a fact that which 
has commonly been spoken of as an illusion — the as- 
sxTmption by Saturn of his so-called ^square-shoul- 
dered ’ figure. 
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It was in April, 18Q5, that Sir William Herschel 
first called attention to this peculiarity. The planet, 
which had always presented to him an elliptical figure, 
exhibited a strangely distorted aspect. A well-marked, 
flattening at the equator, accompanied by an equally 
well-marked flattening at the poles, gave the planet’s 
globe an oblong figure (with rounded angles), the 
longest diameters having their extremities in Saturnian 
latitude 43° 20' — so exactly was the great, astronomer 
able to indicate the nature of the deformity, owing to 
its well-marked character. 

What view shall we form respecting an observation 
of so remarkable a character? Was the peculiarity 
due to telescopic distortion? i^-erschel observed it 
with several instruments, some seven, somie ten, one 
twenty, and one forty feet in length. Was the phe- 
nomenon due to atmospheric disturbances ? Such dis- 
turbances could not account for a persistent impression, 
however well they might explain the momentary as- 
si:ynption of the square-shouldered aspect by the ringed 
planet. Besides, Jupiter presented no such appear- 
ance. Was the appearance an optical illusion due to 
the position of the ring— -then slightly open ? If so, 
the planet should always exhibit the square-shouldered 
aspect when his rings are open to that particular ex- 
tent ; and this is not the case. Besides, we ought to 
notice a similar illusion, when looking at a picture 
representing that particular phase of Saturn. M^ist 
we then accept the astounding conclusion that the 
giant bulk of Saturn is subject to throes of so 
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tremendous a nature as to uph^^ave whole zones of his 
surface five or six hundred miles above their ordinary- 
level ? Truly the conclusion is one to be avoided^ if 
we can by any possibility find a less startling expla- 
nation of the matter. 

Yet where are we to look for such an explanation? 
Was Sir William Herschel simply deceived? I have 
already considered the general question of illusion^ but 
the reader might entertain the explanation as conceiv- 
able that Herschel might for a while have lost the 
acumen which distinguished him — that illness^ for ex- 
ample, might have rendered his observations inbxact. 
But we have abundant evidence that the great astro- 
nomer was in the fuP possession of all his wonderful 
powers as an observer during the month of April 1805 ; 
we know further that by careful measurements he 
rigidly excluded all possibiKty of illusion affecting his 
judgment. 

It would be more satisfactory, doubtless, to the 
reader, however, to learn that other observers bad 
noticed similar peculiarities, or peculiarities which, if 
not similar, were at least such as to prepare us to 
regard the globe of Saturn as liable to remarkable 
changes of figure. Fortunately, many such observa- 
tions have been recorded. I take the following &bm 
one of an admirable series of papers on Saturn by 
Mr. Webb, in the ^Intellectual Observer ’ for 1866. 

On August 5, 1803, Schroter found Saturn not 
perfectly spheroidal in figure. Kitchener says that 
for a fe^ months in the autumn of 1818 he saw 
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Saturn of the figure degtcribedby Sir William Herscbel, 
and that with two different achromatics. At this time 
the ring must have appeared too narrow to account for 
the appearance as due to illusion. On one occasioigL 
the Astronomer Eoyal had a similar view of Saturn. 
He remarks, also, that a person unacquainted with 
HerschePs observation remarked spontaneously on the 
flattened equator of the planet. On another occasion, 
Mr. Airy noticed the exact reverse, the planet seeming 
flattened instead of upheaved, in latitude 45°. In 
January 1855, Coolidge, using the splendid refractor 
of the Cambridge, tJ. S., observatory, noticed that the 
greatest diameter of the globe seemed inclined about 
20° to the equatorial diameter ; ^ut on the 9th the 
equatorial dig,meter seemed the greatest; while on 
December 6 he says, cannot persuade myself* that it 
is an optical illusion which makes the maximum dia- 
meter of the ball intersect the limb half-way between 
the northern edge of the equatorial belt and the inner 
ellipse of the inner bright ring.’ All this time the 
rings were nearly at their greatest operdng, so that any 
illusion should have been of an opposite character to 
that observed when the rings were nearly closed. In 
the report of the Greenwich Observatory for 1860_61, 
it stated that ^ Saturn has sometimes appeared to 
exhibit the square-shouldered aspect.’ The eminent 
observers Bond, father and son, have noticed similar 
peculiarities, using the great Merz refractor already 
referred to. Each of them noticed a flattening of the 
north-polar regions of the planet in the summer of 
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1S48^ when the ring was turn^ edgewise towards us. 
On the other hand, the same observers noticed that in 
1855-57, when the ring was most widely opened, the 
polar regions did not always seem projected farthest on 
the outer ring in a symmetrical manner, hut four 
times on the left of the pole, once on the right, and 
once only, exactly opposite the pole. ^ The outline of 
this region, also, occasionally appeared irregularly 
flattened and distorted,’ an appearance not satisfactorily 
explained by the juxtaposition of the dark shadow of 
the planet on the ring. 

Now there can be no doubt whatever that the "planet 
Saturn is not ordinarily distorted. In 1832, during 
the disappearance o£ the ring, Bessel carefully deter- 
mined the figure of the planet’s disc, ^ and Main in 
1848 (when the ring was again turned edgewise 
towards us) made similar measurements. Each of 
these trustworthy authorities came to the conclusion 
that the disc of Saturn did not, at the seasons when 
they respectively measured it, exhibit any distortion, of 
figure such as Herschel had described. 

We seem almost compelled, therefore, to accept the 
conclusion that the planet Saturn is subject to the in- 
fluence of forces which either upheave portions of its 
surface from time to time, or cause vast masses of ch?ud 
to rise to an enormous height above the mean layer of 
Saturn’s cloud-envelope. Whichever view we adopt, 
w^ cannot fail to recognise the fact that an intense 
heat must in all probability prevail in the great globe 
of Saturn ; and doubtless ihe real mass of the planet 
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must emit a brilliant light, though the cloud-strata 
surrounding him may ^prevent us from recognising 
more than a minute proportion of his luminosity. In 
fact, according to this view, Saturn and Jupiter, un- 
like the sun, whose real substance emits a less intense* 
light than the cloud-photosphere surrounding hhn, 
must have nuclei — solid or liquid — shining with an 
altogether more brilliant light than the cloud-envelopes 
of these planets seem actually to emit. 

Why Saturn, rather than Jupiter, should exhibit 
these mysterious changes of figure, is readily explicable 
when ye remember the near coincidence of the planes 
in which the Jovial satellites move with the orbital 
plane of their primaiy. There thus always results a 
close agreement between the zone*on which the satel- 
lites exert theil^ greatest disturbing influences, and that 
most influenced by the solar action. No such coinci- 
dence exists in the case of Saturn, whose satellites 
travel in a plane inclined nearly 30 degrees to that in 
which their primary travels. It is worthy of mention, 
however, that Schroter, an accurate and practised 
observer, records that on certain occasions he thought 
he could detect partial flattenings of the disc of 
Jupiter (see also Preface). 

I think the evidence in the case of Saturn favours, 
at least as strongly as that which has been adduced in 
the case of Jupiter, the belief that the giant planets 
outside the zone of asteroids are not themselves 
suitable abodes for living creatures, but are suns, sup- 
plementing the small amount of light, and yet more 
* M 
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fjilly supplementing the small amount of heat which 
the sun supplies to the satellites which circle around 
these orbs. Undoubtedly, if we are to judge accord- 
ing to the method which has been so often applied to 
*such questions, if we are to ask ourselves according to 
what arrangement the central planets and the schemes 
circling round them seem most reasonably interpreted, 
we should at once adopt some such conclusion. For, 
by taking Jupiter and Saturn to be strictly analogous 
to our own earth, and their satellites to be subsidiary 
bodies, resembling our moon in this, that they sub- 
serve at present no other purpose but to illuminate 
the nocturnal skies and to sway the oceans of their 
primaries, we find ourselves perplexed by the conside- 
ration that a muc^ simpler arrangement would have 
subserved these purposes much more completely. In 
the case of Saturn’s satellites, indeed, it seems diffi- 
cult to conceive that these bodies could have been 
intended to fulfil any such purposes, since the two 
outer ones could neither give any useful light to their 
primary, nor sway appreciably any oceans which may 
exist upon the planet. 

On the other hand, if Saturn and Jupiter are suns 
to their satellites, we see in the Saturnian and Jovial 
systems real miniatures of the solar system. We no 
longer require ths^t the planets themselves should be 
habitable, any more than we require that our sun 
should be so. In fine, we do not find in any portion 
of either system that waste of material which perplexes 
us under the former arrangement. 
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I do not saj that this mode of reasoning has Snj 
great force. On the contrary, I am disposed to demur 
to the opinion that it is given to man to assign a 
reason for all things which science may reveal to him. 
For reasons which seem to me far more convincing, 
I am led, however, to believe that the two most 
important members of the planetary scheme must he 
left without inhabitants for the present, while in 
exchange I submit to the contemplation of the curious, 
twelve small orbs, constituting two miniature world- 
systems. The condition of these worlds will be touched 
on briefly in a separate chapter. 
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CHAPTEE VIL 

TJRAKUS AND NEPTUNE, THE ARCTIC PLANETS. 

A CIRCUMSTANCE which is of great importance in 
considering the relations of the outer planets is apt to 
be lost sight of, owing to the unsatisfactory manner in 
which in nearly all books on astronomy the planetary 
orbits are represented. To look at the series of equi- 
distant and concentric circles representing the orbits 
of the planets, who would suppose that in passing 
from the orbit of Jupiter to that of Saturn, a distance 
five times as great as that which separates our earth 
from the sun has to be traversed ? But the distance 
separating Uranus from Saturn is twice as great eyen 
as this tremendous gap, while Neptune travels as far 
beyond Uranus as Uranus beyond Saturn. Nine 
hundred millions of miles in width is the enormous gap 
by which the path of Uranus is separated from that 
of the ringed planet on the inner side, and from >hat 
of distant Neptune on the outer, so that a line equal 
to the diameter of Jupiter’s orbit would barely suffice 
to reach from Saturn to Uranus, or from Uranus to 
Neptune, even when either pair of planets are in 
conjunction. 
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We know so little of the physical aspect of Uranus 
and Neptune that it is extremely difficult to form any 
opinion as to their condition. The two planets re- 
semble each other in size, each being far smaller than 
either of the giant orbs we have lately been considering. 
Uranus has a diameter of about 33,250 miles; Neptune 
is somewhat larger, his diameter having been estimated 
at 37,250 miles. The volume of Uranus is 74, the 
volume of Neptune 105 times that of the earth. Both 
planets exceed Saturn in density; for whereas Saturn’s 
mean specific gravity is but y’-^^g-ths, that of Uranus is 
^Y^t&s, and that of Neptune x^ths of the mean specific 
gravity of our globe. Thus each planet has a density 
nearly equal to that of water. fChe mass of Uranus 
exceeds the -earth’s about times, while that of 
Neptune is some 16| times as great as the earth’s. 
It will be seen, therefore, that though these two far- 
distant worlds are much less massive than Jupiter or 
Saturn, each of them outweighs many times the com- 
bined mass of the four planets which travel within 
the zone of asteroids. Yet gravity on the surface of 
these two orbs is but about three-fourths of terrestrial 
gravity. 

The disc of the sun as seen from Uranus is less than 
that which we see in the proportion of nearly 390 to 1, 
while the Neptunians have a sun only about -g-J^th of 
ours, in apparent size ; and in these proportions the solar 
light and heat received by these planets are respectively 
diminished. So small does the sun appear, in fact, that 
to eyes such as ours his orb could not present a disc- 
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lik§ figure, but would appear like an exceedingly bril- 
liant day-star. 

So far we have found the circumstances of the two 
pianets somewhat similar. But we have now to con- 
sidei: a relation presented by Uranus, which is not 
shared in by Neptune. It may be remarked that we 
know so little about either planet that any very careful 
consideration of their habitability would be simply a 
waste of labour. The evidence I am about to adduce, 
however, in the case of Uranus, seems thoroughly to 
dispose of the claim of this planet to be regarded as a 
world inhabited by creatures resembling those we are 
acquainted with on earth ; and, as we cannot reasonably 
suppose Neptune to#be inhabited by such creatures 
while Uranus is not, we may very fairly regard the 
question as disposed of for both planets, even though 
the relation dealt with is peculiar to Uranus.’ 

We know that in the case of Jupiter, as in that of 
Saturn, the position of the plane near which the satel- 
lites travel is nearly coincident with the plane of the 
primary’s equator. Therefore, though no telescope has 
yet exhibited any features on the disc of Uranus which 
can enable us to determine the position of its equator, 
we can reasonably infer from the motion of the satellites 
how the equator of jthe planet is situated. ^ 

Now the satellites of Uranus travel in a plane very 
nearly at right angles to the plane in which the planet 
travels. Tt may be mentioned also, though not im- 
portant for my present purpose, that they travel in a 
retrograde direction. We conclude, then, that the axis 
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of Uranus lies very nearly in the plane wherein the 
planet moves around the sun, and that the planet ro- 
tates in such a way around this axis that the sun moves 
across the Uranian skies from west to east, instead of' 
from east to west. The latter relation is of no gr^at 
importance; the former, however, involves results which 
dispose at once, and thoroughly, of any hopes we might 
entertain of discovering creatures in Uranus resembling 
those which inhabit the earth. 

The inclination of the plane of Uranus’s equator to 
the path in which he travels being about 76°, it follows 
that the Uranian sun has a range of about 76° on either 
side of the celestial equator, during the long Uranian 
year. Already, in considering the'^easons of Venus, I 
have dealt with a peculiarity of this sort ; but in the 
case of Uranus the effects are more serious. We have 
only to consider what would be the result of so wide a 
range of solar excursion north and south of the celestial 
equator in a latitude corresponding to that of London, 
to iee how importantly the climatic relations of a planet 
like Uranus, occupying eighty-four years in circling 
once round the sun, must be affected by such a peculi- 
arity. We know that in the latitude of London the 
sun reaches at noon, in spring or autumn, an elevation 
of about 38^ degrees above the southern horizon, that 
in summer he passes the meridian 23^ degrees higher, 
while in winter he passes the meridian 23^ degrees 
lower, or only 15 degrees above the horizon. But ih 
a similar Uranian latitude, while the sun would reach 
the same meridian elevation in spring or autumn, he 
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would in summer travel tliroiighout the day in a small 
cirolca 14 degrees only from the pole (raised of course 
51 J degrees above the horizon), so that at noon he would 
"be 65^ degrees, and at nominal midnight 37^ degrees 
above the northern horizon. And obviously, since the 
year of the Uranians lasts 84 of our years, the con- 
tinuance of the sun above the horizon would last for 
many years.* So far there is nothing to render life 
in Uranus unpleasant, always supposing the small 
amount of light and heat supplied by the sun to be com- 
pensated by some such atmospheric arrangements as 
physicists have thought necessary for the convenience 
of the more distant planets. But when we consider 
the nature of the Uranian winter, we find the circum- 
stances such as no such arrangements cto be conceived 
to alleviate. The winter path of the Uranian sun, 
in a latitude corresponding to that of London, is 
just as fully depressed below the horizon as the sum- 
mer path is raised above it. At midnight the sun 
is 65J degrees, at nominal noon he is 37J degrees 
below the southern horizon. And as with the summer 
day, so with the winter night, years elapse before 
either comes to an end. For upwards of 20 years, in a 
latitude corresponding to that of London, the Uranians 


* Exact calculation applied to relations so uncertain as those here in 
question would be out of place. Erom a careful construction, however, 
with 76° as the assumed value of the inclination of the equator qf 
Uranus to the plane of his orbit, I find that the sun would continiwS 
above his horizon in summer for about 23^ years. Of course, it follows 
that the sun would continue below the horizon for an equally long 
period in winter ! 
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— if there are any — nearer see the small Uranian sirn. 
During all this long time, too, a sight even is denied 
them of all parts of the solar system, interior to the 
orbit of Uranus; though this deprivation cannot be 
regarded as very serious when it is remembered that 
to such eyesight as ours Saturn could barely be visible 
from Uranus, even when most favourably situated,* 
while Jupiter, always near the sun, could only be occa- 
sionally seen, shining with a light somewhat less than 
a fiftieth of that which he reflects to us when in 
opposition. 

When we consider other latitudes, we still find 
Uranus ill provided for as respects his winter season. 
In all latitudes nearer the pole than the latitude just 
considered, the Uranians have winters lasting from 
twenty years to upwards of forty. In latitudes nearer 
the equator the winter night is shorter, but we must 
approach quite close to the equator before we reach a 
latitude where the winter night lasts less than a year 
orso. Over a belt extending about 14 degrees on each 
side of the equator there is a perennial succession of 
days and nights never exceeding the full duration 
of the Uranian diurnal rotation. But we must not 
suppose that we have thus found an Elysian zone in 

* Admiral Smyth speaks of Saturn as a fine morning and evening star 
for the Uranians , but, though Saturn may be visible, he can hardly be a 
fine object. At his elongations he i& twice as far from the Uranians as 
he IS from us when in opposition, and further he presents but a half- 
disc H’S light must m fact be reduced to less than one-eighth of that 
which he presents to us when in opposition, and as, instead of being on 
a black sky, he must he always seen from Uranus on a twihght sky, he 
cannot appear a very fine object. 
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Ufanus. The immense range#of the sun’s excursions 
produces here also a variety of seasonal changes which 
we should find altogether unendurable. From a sun 
barely rising above the horizon in winter^ to a sun 
which rises vertically overhead twice in the course of 
the Uranian summer, is a change which hardly accords 
with our views of what is desirable in the progress of 
the seasons. At the equator itself there are in reality 
two summers, occurring at the period of the sun’s 
passing the celestial equator.^ Here for many years 
together the sun passes day after day to a point 
nearly overhead. But then comes the long winter, in 
the heart of which the sun rises barely 14 degrees 
above the northern fOr southern horizon. By what- 
ever arrangement we render the long Unanian winters 
in this part of the planet endurable, we render the 
heat of his long summers unendurable ; and, vice versd^ 
if we conceive of atmospheric relations which would 
render his summers pleasing, we have caused his 
winters to be so intensely cold that no creatures we 
are familiar with could endure the prolonged and 
bitter frosts, contrasting so distressingly with the 
imagined geniality of his summer weather. 

If Uranus be inhabited at all, then, it must be by 
creatures constituted in a very different manner from 
any with which we are acquainted. To such creatures, 
if any among them be gifted with intelligence, the 
heavens, though not adorned with planets, must yet 
present an interesting subject of study. The position 
of the pole, lying close by the zodiac, so that amongst 
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the zodiacal constellaticitis there must he all thd' 
varieties of motion which we recognise in passing from 
the equatorial to polar constellations, would lead to a 
certain complexity in celestial charts and globes, which ^ 
would invite us to the conclusion that the Urania^s 
must be capital mathematicians. Then there are 
certain astronomical subjects of study to which their 
mathematical powers may be devoted perhaps more 
successfully than those of our astronomers. For ex- 
ample, the wide sweep of the planet’s orbit would 
enable the Uranians to recognise a displacement of the 
stars in^lhe course of the long Uranian year. The star 
Alpha Centauri, which only exhibits to the terrestrial 
observer an annual parallax of (^e second, would 
exhibit to the observer in Uranus a displacement of 
about the third part of a minute. Other stars would 
be affected in like proportion, and perhaps the Uranians 
may thus be enabled to form some conception of that 
relation which hitherto has proved too baflBing a 
problem to our astronomers — the actual configuration 
of the nearer parts of the sidereal system. The Nep- 
tunians would of course be even more favourably 
circumstanced. 

One difficulty presents itself, however, in thus con- 
sidering the prospects of the Uranian^ and Neptunian 
astronomers. The enormous length of the year of 
each planet requires that either the astronomers in 
HQranus and Neptune should be very long-lived, oj> 
that they should be very enthusiastic in the cause 
of science, to prosecute singly such observations as 
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Henderson^ Olbers^ or Peteise have singly prosecuted 
on our earth. An Uranian who made one set of 
observations to determine stellar parallax when he was, 
r. say, twenty-five years old, would have to wait till he 
had nearly reached the threescore years and ten (not 
perhaps allotted as the span of Uranian life) before he 
could make the corresponding set, by comparing which 
with the former stellar parallax was to be determined. 
In Neptune life must be prolonged over the century 
(unless the study of observational astronomy commence 
during the babyhood of the Neptunians), in order that 
a complete set of observations for determining stellar 
parallax should be carried out. One cannot but con- 
ceive that a certain sluggishness must mark the pro- 
gress of astronomy in these far-off worlds under such 
circumstances. In fact, the mere consideration that 
after a constellation has passed away from the noc- 
turnal skies of Uranus or Neptune, 30 or 40 years in 
one case, and 70 or 80 in the other, must pass before 
the constellation again becomes favourably visible, 
suggests characteristics of astronomical observation 
altogether different from those we are familiar with. 

Admiral Smyth suggests that these distant planets 
must be convenient outposts for watching the approach 
or recession of coipets ; but, with all diSidence, I would * 
venture to point out that the inhabitants of the earth 
are on the whole more favourably situated in this re- 
spect. Every large comet which approaches tolerably 
near to the sun during perihelion passage is as likely 
to be seen as to be missed by the inhabitants of earth ; 
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but scarcely cue out of a thousand such comets would 
be seen from Uranus or Neptune, since to be visible 
a comet must approach the sun or recede from him 
along a course passing tolerably near to the particular^ 
position of either planet at the time ; and the chances 
in the case of any individual comet would be enor- 
mously against such a contingency. 

With eyesight such as ours the Uranians could 
distinctly see Neptune when in opposition, but the 
Neptunlans would be wholly unable to see Uranus, or 
indeed any known planet of the solar system. 

Perhaps, though we have very little evidence on the 
point, it will be thought more reasonable to suppose 
that Uranus and Neptune are suns to their respective 
systems of satellites, than to imagine that these two 
drearily circumstanced planets are themselves in- 
habited. Their satellites cannot possibly compensate 
to any noteworthy extent for the small amount of solar 
light or heat which reaches their primaries. On the 
other hand, it is not difficult to conceive that the 
planets may afford an important supply of heat (at 
any rate) to their dependent orbs. Certainly, so far 
as the evidence we have extends, Uranus and Neptune 
resemble Saturn and Jupiter too closely not to warrant 
thetapplication of any arguments deduced from the ap- 
pearance of the two giant planets to the case of their 
inferior but still gigantic brethren. 

Viewing the matter thus, we seem led to the con- 
clusion that the planets which lie outside the zone of* 
asteroids are distinguished from those within that belt, 
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jiot merely, as had so long be^n recognised, in the attri- 
butes of size, density, rapidity of rotation, and com- 
plexity of the systems circling round them, but in this 
more important and more interesting circumstance, 
that they and their dependent orbs are real miniatures 
ot the solar system. Four suns they would seem to 
be, not indeed suns resplendent like the primary sun 
round which they travel, but still giving out perhaps 
no insignificant supply of light; not heated to incan- 
descence as he is, but still supplying an amount of 
heat proportionately far greater than the quantity of 
light they give forth : in fine, not, as he is to the inner 
planets, the sole source whence all supplies of force 
are derived, but adding their influence to his in a 
variety of complicated but doubtless well-ordered com- 
binations, in such sort that the small worlds which 
circle around them are provided with all that is needful 
to the well-being of their inhabitants. 
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THE MOON AND OTHER SATELLITES. 

Although I do not thinlc that the moon can be 
regarded as probably at present the abode of life, 
there 3 are many reasons for studying in a work on 
other worlds the various relations she presents to us. 
In the first place, she subserves various useful purposes 
in the economy of our own earfh; then there are 
circumstances in her appearance which suggest that 
at one time there may have been life upon her surface ; 
and, lastly, she affords us the only information we have 
concerning the probable relations presented by the 
noble systems of moons which circle around Jupiter 
an(f the other planets outside the orbit of the asteroids. 

Now, with regard to the present habitability of the 
moon, it may be remarked that we are not justified in 
asserting positively that no life exists upon her surface. 
lji(§ has been found under conditions so strange — we 
have been so often mistaken in alfeuming that here 
certainly, or there ^ no living creatures can possibly exist 
^ — that it would be rash indeed to dogmatise respecting 
the state of the moon in this respect. 

Still, in the case of the moon we have relations 
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wjiolly different in character from those we have 
hitherto had to consider. We no longer have to deal 
with a question of the various degrees of heat and cold, 
of atmospheric rarity or density, and the like, but with 
relations which do not in the slightest degree resemble 
those we are familiar with on earth. 

In the first place, the moon has no appreciable atmo- 
sphere. We have long known this quite certainly, 
because we see that when stars are occulted by the 
moon they disappear instantaneously, whereas we know 
this would not be the case had the moon an atmosphere 
of appreciable extent. But if any doubts could have 
remained, the evidence of the spectroscope in Mr. 
Huggins’s hands would have sufficed to remove it. 
He has never been able to detect a sim of the ex- 

O 

istence of any lunar atmosphere, though Mars and 
jr upiter, so much farther from us, have afforded distinct 
evidence respecting the atmospheres which surround 
their surface. 

Then, secondly, there are no seas or oceans on the 
moon. Were there any large tracts of water, the 
tremendous heat to which the moon is subjected during 
the course of the long lunar day (lasting a fortnight 
of our time) would certainly cause enormous quantities 
of water to evaporate ; and not only would the eflpscts 
of this process be distinctly recognisable by our tele- 
scopists, but the spectroscope would exhibit in an un- 
mistakable manner the presence of the aqueous vapour 
thus formed. 

Thirdly, there are no lunar seasons. The inclination 
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of the moon’s axis to tljp orbit in which she travels 
round the sun is nearly 89®, and with this inclination 
there can be no appreciable seasonal changes. 

Fourthly, the enormous length of the lunar day is^ 
altogether opposed to our conceptions of what is suit- 
able for animal or vegetable life. The lunar day lasts 
about a fortnight, and the lunar night is, of course, 
equally long. Were this all, the inconvenience of 
the arrangement would be unbearable by beings like 
ourselves. But far more serious consequences must 
result from the combination of the arrangement with 
the wdftit of an atmosphere; for whereas during the 
lunar day the surface of the moon is exposed to 
an inconceivably intense direct Jieat, undoubtedly 
sufficient to heat that surface far above" the boiling 
point, during the lunar night the heat is radiated 
rapidly away into space (no atmosphere checking the 
process), and an intensity of cold must prevail of which 
we can form but imperfect conceptions.* 

HQi ft mere fact that our earth is always invisible to 

* The moon’s physical habitudes are in fact so very different from 
those of the earth that one cannot read without astonishment the weU- 
known passage in which Sir W. Herschel pleads for the moon’s habit- 
ability ‘ Its situation, with respect to the sun,’ he says, * is much like 
that of the earth, and by a rotation on its axis it enjoys an agreeable 
variety of seasons (!) and of day and night the moon, our globe 
will appear to be a very capital satellite, undergoing the same regular 
changes of illumination as the moon does to the earth The sun, the 
planets, and the starry constellations of the heavens will nse and set 
► ^here as they do here, and heavy bodies will faU on the moon as they 
do on the earth. There seems only to he wanting, in order to comjplete 
the analogy, that it skovild he inhabited like the earthl The evidence is, 
however, all the other way. 
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three-Beventlis of the moonJs surface is one which 
points very strongly to the conclusion that the present 
condition of the moon is not the one best calculated to 
.meet the wants of living creatures on her surface. In 
long-past ages, when her rotation had not yet been 
forced into accordance with her revolution* (as at 
present), the earth must have subserved a variety of 
most important purposes. If water then existed on 
the surface of the moon, the earth must have raised 
tidal waves in her oceans. She must further have 
reflected enormous supplies of light and heat towards 
her dependent orb, even if at that time she T^ere not 
a secondary sun for the lunarians. She must have 
travelled across tlj^ lunar skies as the moon travels 
over ours, presenting a variety of interesting and beau- 
tiful phases, aflbrding useful time-measures, and so 
enabling the travellers on the moon in those long-past 
ages to guide their course in safety over her oceans or 
her deserts. But now she is invisible from a large 
portion of the moon’s surface, and almost a fixture in 

* The researches of Adams into the peculiarity of the moon’s motion 
called her acceleration, suf0.ce to show that under the influence of the 
moon's attraction on our oceans, the earth's rotation is gradually dimi- 
nishing , so that, though many millions of ages must elapse first, she will 
one day so rotate as to keep always the same face turned towards her 
satellite We cannot doubt that it has heen by a process of thj^ sort 
that the moon's rotat^m has been brought to its present rate. In fact, 
independently of the evidence afforded by the earth’s gradual loss of 
rotation, we cannot account for the moon’s pecuharity of rotation with- 
out regarding it as due to the earth's controlling influence A perfectly 
homogeneous sphere, started on a direct line at the moon’s distance, an(i 
with the same velocity, would travel without rotation on iin orbit like 
the moon's, and would thus in completing a revolution exhibit every 
part of its surface to us. 



TEE MOON AND OTEBE SATELLITES. 1 79 ^ 

the sides of those parts^ «ven, of the moon whence she 
can be seen. Were there lunar oceans, she could raise 
no tides in them. Were there a lunar atmosphere, she 
could shed no heat, to be garnered up, so to speak, by^ 
that atmosphere, and to compensate, in some sort, for 
the long absence of the sun. 

But have we evidence that at some far-distant epoch 
the moon was inhabited? Taking for our guidance 
the analogies which are available to us, can we really 
conclude that once, in all probability, those barren wastes 
were clothed with vegetation, those dreary solitudes 
the abode of life ? 

When we contemplate with attention the Itmar sur- 
face, considering the indications it presents of past 
activities, we are led to inquire how the forces which 
have been so busily at work were expended. If 
Nature, studied thoughtfully, teaches us the lesson 
that there is no form of force which is not the repre- 
sentative of some other pre-acting form of force, she 
als^ teaches us that no form of force ever works with- 
out generating other forces as its own energies are 
expended. The meteor which sweeps with planetary 
velocity through space may be brought to rest upon 
the sun, but the energy stored up in its motions is not 
wasted; the sun may expend the sybores of force he 
derives from meteoric impact, but not idly;* allround 

* The question may he asked, What becomes of the immense snpphes 
® of light and heat continually poured by the sun and other stars info 
space? We cannot tell; yet we know certainly that they cannot be 
wasted. The heat of Arcturus, measured by Mr. Stone, gives an account 
of one large portion of the stellar heat supplies, because we know that, 

N 2 
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Tis we see the fruits of sola?? energies, we feel them 
within ourselves, we exert them upon others. And, 
therefore, when we see on the moon signs that her 
•surface was at one time upheaved by tremendous vol- 
canic forces, we are led to the conclusion that between 
the era when she was thus disturbed, and the present 
time, when she seems absolutely quiescent, there must 
have been a period when her energies were employed 
in sustaining various forms of life. There hcts^ in this 
instance, been a process resembling exhaustion, though 
we know the forms of force which have passed away 
from the moon have not really ceased to exist ; but 
before the lunar forces were dissipated into space, so to 
speak, they must have subserved that great purpose 
which seems the end of all Nature’s* workings — the 
support of life. 

Associated, however, with this subject, there are 
questions of a perplexing character, which invite our 
careful consideration. If life ever existed on the 

small as tihe amount we receive may be, we must multiply that amount 
millions on milhons of times to get the total received by all the orbs in 
space from this particular sun But we know that a large portion of 
our sun’s light and heat must either fail to fall on any other orbs, or 
must be gradually exhausted in its progress through space (for if lines 
from the sun in every direction encountered orbs, the sky ought to be 
lighted up at all times with star-splendour — which is no other thap^ sun- 
splendour). In eithernjase we cannot tell what becomes of the portion 
seemingly wasted, though in the latter case we may affirm confidently 
that there is simply a change in the nature of the force In both cases 
we know that the total of force in the universe remains undiminished. 
There is, indeed, a seeming contradiction here ; but it is not different in^ 
character from the seeming contradictions suggested by the considera- 
tion of infinite space and infinite time, which yet we are compelled to 
recognise as absolutely as finite space or finite time. 
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moon, that orb must hav| possessed an atmosphere and 
seas. Independently, also, of our views on the sub- 
ject of life upon the moon, we are led by the revela- 
tions of the spectroscope respecting the solar system,^ 
to believe that all the bodies within that system are in 
a general sense similarly constituted;* and, if this be so, 
there must once have been oceans and air upon the 
moon. What has become of the moon’s atmospheric 
envelope, and of the lunar oceans ? 

In four several ways this question has been an- 
swered. Some have thought that the oceans and air 
have Ifeen withdrawn into cavities within the moon’s 
substance. Others have imagined that the air and 
oceans may have passed away tq the farther hemi- 
sphere of the rqoon. According to a third theory, a 
comet has carried off the lunar oceans and atmosphere. 
And, lastly, a fourth theory has been maintained, ac- 
cording to which the lunar air, and h fortiori the 
lunar seas, have been changed by intensity of cold into 
the<^olid form. 

Of these theories, the first and last only seem 
worthy of consideration. We see so much of the 
moon’s farther hemisphere during her Hbrations that 
we must perforce reject the second, even if we had 
any^ trustworthy analogy for believing so strange an 
arrangement to be possible.* The third theory is 

* Professor Newcombe, of America, has shown excellent reasons for 
'doubting whether even that displacement of the moon's gravity, oa 
which the theory has been based, can be admitted as an estabbshed 
fact. Independently of this, however, the theory wiE not bear exami- 
nation. Anyone who will draw a cross section of the moon (in a plane 
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opposed by all that inoden^. astronomy teaches re- 
specting the constitution of comets. 

The theory that an atmosphere formerly surrounding 
Jbhe moon has passed with the lunar oceans into the 
interior of our satellite has been supported by physi- 
cists of considerable eminence. The relatively low 
specific gravity of the moon (little more than half the 
earth’s) suggests the possibility that cavities large 
enough to contain even all the waters of our own 
oceans may exist within the moon. Nor does the fact 
that we can see no unmistakable signs of chasms 
extending deep into the moon’s substance sufiSce to 
fender the theory untenable, or even improbable. It 
is diflScult to under|tand how the inrush of the waters 
took place. Certainly it cannot have Jiappened while 
the moon’s volcanic forces were in vigorous action; 
yet a period must undoubtedly have arrived when by 
Htitie and little the waters could retire within the 
moon’s substance without being vaporised. From 
what we know of volcanic action on the earth, rthe 
lunar vdcanoes must have dratm fresh supplies of 
energy from the gradual influx of water; and one can 
thus understand why the aspect of the moon indicates 
that up to the last moment, so to speak, of her exist- 
ence as a world, the forces upheaving her crust were 
busily at work. We can thus see how it has come to 

passing throiigli the eaartih), and endeavonr to assign such a position to 
an atmosphere of moderate extent that even during the moon’s extreme 
lihrations no signs of the atmosphere conld be perceptible :from the earth, 
■will at once see that the theoiy is untenable. 
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pass that the moon’s 6iii;|aoe shows so few signs of the 
action of rain or running water. 

The theory that the lunar oceans have become 
frozen^ and that afterwards even the gases forming the 
lunar atmosphere have become solidified, was main- 
tained by Buffon and Bailly in the last century, and 
has been supported by several astronomers in our own 
day. In some respects, the aspect of the moon 
(especially the absence of well-marked colours from 
her surface) seems to favour the theory. Nor need 
the excessive heat to which the moon’s surface is 
exposed for weeks at a time, be considered a sufficient 
reason for rejecting it, because we have no means of 
judging how that heat would act where there is no 
atmosphere to prevent its immediate and entire reflec- 
tion into space. We know that despite the intense 
heat which is poured upon the summits of the Hima- 
layas, the snow there — though a portion may melt during 
the day — ^remains year after year and age after age un- 
diminished; and on the summit of the Himalayas the 
atmosphere is dense and heavy compared with that 
which exists even in the lowest abysms of the lunar 
ravines. If absolute reliance be placed on the results 
which have been deduced from the application of the 
grdat Parsonstown mirror to the measurement of the 
lunar heat, it would seem as though we must abandon 
Ihe belief in the existence of frozen oxygm or nitrogen 
- on the moon’s surface, since, according to those re- 
sults, a large proportion of the moon’s heat is radiant 
— ^in other words, the moon’s surface hm hem actually 
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raised to a high, degree of he;gi,t by the solar rays. At 
present, however, physicists are not prepared to look 
with perfect confidence on the method by which, in the 
researches made at Parsonstown, an attempt has been 
made to distinguish between the heat which the moon 
reflects and that which she radiates into space. 

On the whole, however, the former theory seems to 
have the strongest evidence in its favour, or rather the 
least decisive evidence against it. 

In considering the systems of bodies which circle 
around the outer planets, we are struck at once by 
several marked circumstances of contrast bStween 
their condition and that of our own moon. 

In the first place^ we have no satisfactory evidence 
that the satellites of Jupiter and Satujn turn always 
the same face towards their primary. It is true that 
Sir William Herschel was led by certain observations 
of the satellites of Jupiter to conclude that this relation 
holds in their case. But we have far stronger evidence 
against such a view, in the fact that modern observ/?rs, 
armed with telescopes of the most exquisite defining 
powers, have not only been unable to confirm the rela- 
tively rough observations made by Herschel, but have 
noticed peculiarities of appearance only explicable by 
the theory that the rotation of the satellites is quite^in- 

Dawes, for instance, has observed that the markings 
seen on the third satellite, when transiting Jupiter’s " 
disc, are variable. Bond has seen this satellite as a 
well-defined black spot on certain occasions, while on 
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others it has appeared (yiite bright on the disc of the 
planet. He once saw this satellite bright as it entered 
on the disc of Jupiter, and about half an hour later as 
a dark spot ; while Mr. Prince, with a powerful re- 
flector, has seen the satellite dark first and afterwards 
bright. It need hardly be said, that if the satellite 
turned always the same face towards its primary no 
such varieties of appearance would be presented during 
transit. The following passage from Webb’s ^ Ce- 
lestial Objects ’ points strongly also to the conclusion 
that the rotation of the Jovial satellites must be inde- 
pendeht of their revolution. After mentioning that the 
variable light of the satellites may be caused by the 
existence of spots upon their surface, he proceeds: 
^ A stranger spurce of anomaly has been perceived, — 
the discs themselves do not always appear of the same 
size or form. Maraldi noticed the former fact in 1707, 
Herschel ninety years afterwards inferring also the 
latter, and both have since been confirmed. Beer and 
Madler, Lassell and Secchi, have sometimes seen the 
disc of the second satellite larger than that of the first ; 
and Lassell, and Secchi and his assistant, have dis- 
tinctly seen that of the third satellite irregular and 
elliptical; while, according to the Roman observers, 
thi ellipse does not always lie the same way.’ 

It will easily be seen that these peculiarities indi- 
cate the existence of dark markings on these bodies, 
■' and that, as the satellites rotate, the varying position 
of these markings causes the satellites seemingly to 
change in figure, since the brighter part of the satellite 
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Wiould be that -which would ^determine its appareut 
figure. And further, since the change of figure shows 
no correspondence with the position of the satellites 
in their revolution, we infer that their revolution is 
independent of their rotation, 

ft is worthy of notice, however, that even if the inner 
satellites turned always the same face towards their 
primary, the peculiarity would not (as in the case of 
our moon) result in an inordinate lengthening of their 
diurnal period, since Jupiter’s two inner satellites 
complete a revolution in 1 day 18^ hours, and 3 days 
13 hours respectively; while the revolutions of Saturn’s 
five inner satellites are severally accomplished in 22 ^ 
hours, 1 day 9 hour^ 1 day 21 hours, 2 days 18 hours, 
and 4 days 12|* hours. 

So far as we can judge from Laplace’s estimates, 
the specific gravity of Jujater’s moons must be very 
small indeed, ranging from one-ninth to four-fifths of 
the specific gravity of water. But very little reliance 
can be placed on these results, because the only 
evidence we have respecting the mass of the satellites 
is that founded on the perturbations to which their 
motions are subjected, and it is very difficult indeed 
to estimate these perturbations. When to this we add 
the circumstance that little reliance can be placed'*bn 
measurements of the minute discs presented by the 
satellites, it will be seen that our estimate of the 
specific gravities of these bodies cannot by any means '* 
be regarded as trustworthy. 

As seen from his satellites, Jupiter must present a 
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magnificent scene. To^the inhabitants^ if such the^e 
be, of the innermost satellite, he exhibits a disc nearly 
twenty degrees in diameter. Thus, whereas there 
might be about 700 moons such as ours placed aU 
round our horizon, the disc of Jupiter, as seen from 
the inner satellite, could occupy a full eighteenth part 
of the horizon’s circumference. The disc of Jupiter, 
as so seen, would cover a space on the heavens ex- 
ceeding more than 1,400 times that which our moon 
covers. To the second satellite, Jupiter presents a 
disc about 12 J degrees in diameter, or about 600 times 
as large as our moon’s. To the third satellite he shows 
a disc about 7| degrees in diameter, or more than 200 
times the size of the moon’s, ^d, lastly, the in- 
habitants eveq^ of the furthermost satellite see him 
with a diameter of about degrees — that is, with a 

disc more than 65 times as large as that of our moon. 
So that, if the views I have put forward respecting 
Jupiter be correct, the enormous space he covers on 
the skies of his respectire satellites must sufiSce to 
compensate in part for the relatively small amount of 
heat which he can be supposed capable of emitting. 

If the satelKtes rotate with a motion independent of 
their revolution, Jupiter passes across their skies like 
a vast moon, exhibiting phases such^as those presented 
by ours, but on a far vaster scale. But, besides his 
phases, he must exhibit to the inhabitants of his satel- 
^ lites the most marvellous picture that can be conceived. 
His belts’ changes of figure and colour, only rendered 
visible to our astronomers by powerful telescopic aid. 



1 88 OTHER WORLDS THAN OURS, 

must be distinctly visible to creatures on his satellites, 
and cannot but afford reasoning beings on those orbs a 
most astounding theme for study and admiration. 

^ To the inhabitants of the satellites which circle 
round Saturn, the ringed planet must present an even 
more interesting spectacle. His disc as seen from the 
nearest of his satellites has a diameter of 17 degrees, 
and an apparent surface exceeding more than 900 
times that of the moon. From the farthest satellite 
his disc is less than a degree in diameter, and therefore 
not quite four times as large as our moon’s. Between 
these limits the apparent size of Saturn varies as we 
pass from satellite to satellite; but from the sixth 
satellite his apparent^ surface is twenty-five times, while 
from the seventh it is sixteen times ^s large as the 
moon’s ; so that the outer satellite is quite exceptionally 
circumstanced in this respect. 

It is not so much from the apparent size of his disc, 
however (though in the case of all the inner satellites 
that must be a most remarkable relation), as from the 
peculiar character of his ring-system, that Saturn must 
derive his chief interest. It is true that the inner 
satellites travel nearly in the plane of the rings, so as 
always to see them nearly edgewise. But even so 
viewed, the rings must present a most striking appear- 
ance. From the inner satellite, indeed, the extreme 
span of the ring-system must be more than 90 degrees; 

^ About 93® according to the best estimates of the dimensions of the 
rings and the distance of the satellite. 
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SO that when one extreijjity is seen on the horizon the 
system would appear as an arch thickest in the middle, 
extending over an arc of about 93 degrees, and having 
the disc of Saturn at its centre. When the whole of 
this arch is illuminated, Saturn is ^ full ; ’ at other times 
he presents all the phases shown by our moon, and 
the arch of light is correspondingly shortened. Saturn 
^full’ and in the zenith, with the ring system de- 
pendent on either side of his disc, must be a glorious 
spectacle as seen from certain regions of his innermost 
satellite. The display would diminish in grandeur, 
thougli not perhaps in interest, as seen from satellites 
farther and farther away. But the inhabitants of the 
outermost satellite of all have the privilege of seeing 
the Saturnian ring-system opened out much more fully 
than as seen from the other satellites, since the path of 
this moon is inclined some 15 degrees to the plane of 
the ring. 

Of the satellites of Uranus and Neptune little can 
be* said, because so little is known either respecting 
these orbs themselves or their primaries. I may re- 
mark that, despite the evidence brought forward to the 
contrary, I have very little doubt that Uranus has at 
least eight satellites. Four of those discovered by Sir 
W1 Herschel have not indeed been yet identified ; but 
one cannot read the account of his method of proce- 
dure without feeling that no amount of mere negative 
evidence can be opposed effectively to the positiye 
information he has left respecting those four orbs. 
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Indeed, when we remember th^t Uranus is twice as far 
from us as Saturn, while it has only been in recent 
times that the eighth Saturnian satellite (the seventh 
in position) has been discovered, we cannot but consider 
that in all probabUity many more Uranian satellites 
will one day be discovered. Neptune also, no doubt, 
has a large family of satellites circling around him. 



CHAPTER IX. 


MEXEOES AND COMETS: THEIR OFEIOE IN THE 
SOLAR SYSTEM. 

There are few more interesting chapters in the history 
of asftonomy than that which deals with the gradual 
introduction of meteors into an important position in 
the economy of the solar system. ^Regarded for a long 
time as simply atmospheric phenomena (though many 
ancient philosophers held another opinion), it has only 
been after a long and persistent series of researches 
that they have come at length to be regarded in their 
true light. But though the history of those researches 
is not only full of interest, but highly instructive and 
encouraging, this is not the place for entering at 
length into its details. I must present facts and con- 
clusions, rather than the narrative of observations or 
calculations by which those facts and conclusions have 
beSn established. Nay, it would seem at first sight as 
though even the nature of meteors could have very 
little to do with the subject of this treatise, since we 
cannot suppose these small bodies to be inhabited 
worlds. It will be found, however, that, though this 
is certainly true, there are reasons for believing that 
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meteors are associated in a very intimate manner with 
the general relations of the scheme of worlds forming 
the solar system. 

Under the head ^Meteors ’ I include all those objects 
which reach the earth’s atmosphere from without, 
whether they actually make their way to her surface 
unbroken, like the aerolites; or explode into small frag- 
ments, as bolides and fireballs have been observed to 
do; or are apparently consumed in traversing the upper 
regions of the air, as happens with shooting or falling 
stars. All these objects, we now know, represent in 
reality bodies of greater or less size, which, befor"^ their 
encounter with the earth, were travelling around the 
sun in orbits of greater or less eccentricity. The 
larger masses, though they must be very numerous 
(or our earth would not once in many ages encounter 
any of them), are yet relatively few in number as com- 
pared with fireballs, and still more so in comparison 
with shooting stars. It has been calculated, indeed, 
that these last are so numerous that the earth, in passing 
through a region of space equal to her own dimensions, 
must encounter no less than 13,000 of them ; while of 
yet smaller bodies, whose passage through our air would 
only be recognisable by telescopic aid, she is supposed 
to encounter as m^any as 40,000 within a similar space. 
Without laying great stress on these calculations, we 
may yet feel quite sure that the earth must encounter 
enormous numbers of these bodies, from the mere fact.^ 
that, though at any fixed station but a minute slice (so 
to speak) of the earth’s atmosphere is within view, and 



METjEORS and comets. 


193 


even but a portion only of that slice visible to a single 
observer), six or seven falling stars on the average may 
be seen during each hour of the night. 

It will be seen, then, that a problem of the utmost 
importance was involved in the question whether these 
bodies came from the interplanetary spaces, or ixom 
the region of space over which the earth’s own^ attrac- 
tive energies prevail. Now that we know the former 
view to be the true one, we recognise the fact that, 
though each meteor may be individually insignificant, 
the meteors of the solar system, looked on as a single 
familjii form a highly interesting and important portion 
of the solar system. 

But now a yet more significant relation hai^ to be 
considered. Regarding meteors as planetary bodies, 
they might yetibe relatively unimportant, if we had any 
reason to believe that they form a sort of zone or belt 
near the earth’s orbit, resembling in a sense the aste- 
roidal zone, only composed of far smaller constituent 
bodies. We could not then argue from the number of 
meteors encountered in a given time by the earth, the 
largeness of the total number of these bodies ; for it 
might well be that this zone had no counterpart, either 
in the outer part of the planetary system or within the 
orbit of the earth. What has actually been discovered, 
however, respecting the paths along ^ich the meteoric 
bodies have reached the earth, immensely enhances the 
importance of these objects. 

It has been proved, on evidence perfectly incontest- 
able, that two well-marked meteoric systems travel in 

o 
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e*rbits of enormous eccentricity. The August meteors 
travel on a path so eccentric that in the neighbourhood 
of the earth’s orbit it may be regarded as almost parar- 
bolic in figure. That it is not absolutely parabolic is 
shown, of course, by the fact that a period has been 
assigned to the revolution of the members of the zone. 
No observations have indeed been made by which as- 
tronomers could determine the orbit of these meteors, 
since for this purpose an exact determination of the 
velocity with which they enter the earth’s atmosphere 
would be requisite, while the observations actually 
made to determine their velocity are confesscjdly in- 
exact. But an association, altogether too close to be 
regarded as accidental, has been discovered between 
their orbit and that of a bright comet which appeared 
in 1862, and this, combined with what has since been 
established respecting the relations between comets and 
meteors, enables astronomers to adopt quite confidently 
the orbit of the comet as that of the meteoric system. 
Now a period of 145 years implies, according to Kepler’s 
law, an orbit having a mean distance nearly equal to 
that of Neptune. And since the orbit is so eccentric 
as to bring these bodies close by the earth when they 
are near perihelion, it follows that their aphelion dis- 
tance must exceed their mean distance in the same 
degree. Hence the aphelion point of the August 
meteors must lie nearly twice as far away from us as 
the orbit of Neptune. 

The November meteors have been shown in like 
manner to travel in a period of 33^ years around the 
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sun, the aphelion of their orbit lying far beyond the 
path of Uranus. 

So far, then, as we can judge from the only two 
meteoric systems whose orbits can be said to ha^ije 
been satisfactorily determined (though there are ro^^ny 
other systems which have been associated with known 
comets), we are led to the conclusion that the meteoric 
orbits are for the most part eccentric. We know, 
further, that they are inclined in all directions to the 
plane in which the earth travels, because we see that 
their constituent bodies fall upon the earth in direc- 
tions which show no tendency to near coincidence with 
the ecliptic. 

Now these two circumstances ^re full of meaning. 
If the meteors ^travelled in nearly circular orbits, at a 
mean distance nearly equal to the earth’s mean dis- 
tance from the sun, then the earth would be certain to 
encounter meteors in the course of her orbital motion 
round the sun. Again, if the meteors travelled in 
ecc;entric orbits, whose perihelia lay within the earth’s 
orbit, and if these orbits all lay in or near the plane of 
the earth’s path, the earth could not fail to encounter 
meteors as she travelled round the sun. But under the 
actual circumstances — ^the mean distances of the me- 
teonc orbits being in no way associatjgd with the earth’s 
mean distance, and the inclination of these orbits to the 
ecliptic not being in any way limited — ^the two questions 
’'are at once suggested, (1) What is the h priori chances 
that the earth would encounter the members of any 
meteoric system taken at random? and (2), If this chance 
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be smallj what is the conclusion to be drawn from the 
fact that the earth encounters meteors belonging to 
many systems ? — the number already recognised being 
nearly sixty. Now, assigning elements at random to a 
mateor-system, we see that, unless the resulting orbit 
actually coincides with the plane of the ecliptic (a 
relation which would not happen in a million trials), the 
orbit will intersect that plane in two points, lying on a 
straight line through the sun. And for the earth to 
encounter members of the meteoric system, it is requi- 
site that one or other of these two points shall lie close 
to the earth’s orbit. But these points may have any 
position whatever in the plane of the ecliptic, and the 
chance that one of Ihem has the requisite position may 
be regarded as indefinitely small. It follows, then, that 
the d, priori chance of the earth’s encountering the 
members of a meteoric system is indefinitely small; 
and hence we conclude that the number of meteoric 
systems she passes wholly clear of is indefinitely great, 
in comparison with the number whose members-she 
encounters. But she actually encounters meteors be- 
longing to no less than fifty-six systems : hence the 
total number of meteoric systems belonging to the 
planetary scheme must be an indefinitely large multiple 
of the number fifty-six, or, in other words, it must be 
enormously beyond our powers of conception. 

But this being so, it behoves us to inquire, first of 
all, what extent we must assign to individual meteoric 
systems, and how densely we may suppose meteoric 
masses to be strewn along each system ; and, secondly. 
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what may be the natufe, quality, and substance •of 
these meteoric masses. For we clearly begin to see 
that we are in the presence of relations which may 
— or I should rather say, which must — affect most 
importantly the economy of the solar system. 

Now we have seen something already of the longi- 
tudinal extent of meteoric systems, since that extent 
corresponds to the circumference of meteoric orbits, 
and we have seen that these orbits have enormous 
dimensions. We may, indeed, suppose that in some 
cases the whole extent of an orbit is not occupied by 
meteoric masses at any one instant ; but even when, 
as in the case of the November meteors, the annual 
displays wax and wane in splendour, there is no absolute 
cessation in thj occurrence of star-falls on the date cor- 
responding to such a system. And taking full account 
even of the marked diminution which actually occurs, 
we are yet compelled to assign an enormous longi- 
tudinal extent to that portion of the system which has 
been poetically termed ^ the gem of the meteor-ring.’ 
For example, in the November meteor-system, this 
portion of the ring cannot be less than 1,000,000,000 of 
miles in length. As to the width of a meteor-system — 
that is, its extent in a direction measured in the plane of 
its orbit — ^we have no satisfactory information, because 
a meteor-system may extend enormously on either side 
of the point through which the earth’s orbit intersects 
‘ it, and yet no trace of that extension be recognised 
by observers on the earth. Still we may conclude 
that this dimension lies in extent somewhere between 
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the longitudinal extension of tjje system and the depth 
of the meteor zone — that is, the length of a line taken 
through it square to the plane in which it lies. Now 
of this last dimension we can form a tolerably accurate 
estimate in many instances. We know that so long as 
meteors belonging to any system are flashing into view, 
our earth is still plunging through the system ; and if 
we know the position of the system we can determine 
its depth in this way, just as we could determine the 
breadth of a range of hills if we noticed how long a 
train, travelling with known velocity, took in passing 
through a tunnel which traversed the range of hills in 
a known direction. Judged in this way, the depth of 
the November meteor-zone would seem to be 100,000 
miles in the part traversed by the earth ip. 1866, about 
60,000 miles in the part traversed in 1867, and con- 
siderably greater (though the zone was more sparsely 
strewn with meteors) where the earth crossed the sys- 
tem in 1868 and 1869. 

Now as regards the density with which meteors are 
strewn in any known system, I must remark on a mis- 
take which has been very commonly made. It has 
been thought necessary to consider the velocity with 
which the meteors themselves travel as well as the 
earth’s velocity, in-order to determiaefrom the average 
interval of time separating the appearance of successive 
meteors, the average distance separating neighbouring 
meteors from each other. This, however, is an erro- 
neous mode of dealing with the problem. We need 
only consider the earth’s velocity, since the meteoric 
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motions cannot possibly^ tend to increase the total 
number of encounters.* Let us apply this consider- 
ation to enable us to form a rough estimate of the 
number of bodies in the richer part of the November 
meteor-system. We may fairly assume that^ taking 
the average of the four displays of the years 1866-"§9, 
the earth encountered more than one meteor per 
minute as she swept successively through the system ; 
or, conveniently for our purpose, that an average 
distance of 1,000 miles separates meteor from meteor 
throughout the ^ gem of the ring.’ Now the length of 
the great cluster is at least 1,000,000,000 miles, its 
thickness may be fairly assumed as averaging 100,000 
miles, and its width can hardly be less than ten times 
its thickness, sipce the forces acting on the system tend 
much more largely to affect its width than its thick- 
ness. Thus, with the assumed average of distance 
(1,000 miles), we find that the cluster cannot contain 
less than (1,000,000x100x1,000) or one hundred 
thousand million members ! 

Mr- Alexander Herschel, from observations of the 
amount of light given out by these bodies, and a 
calculation founded on the velocity with which they 
penetrate our atmosphere, has come to the conclusion 
that they must, for the most part^ be very small, 

* Obviously tb© total number of meteors encountered during the 
earth’s passage through a meteor-stream wiU be the number contained 
Jin a cylindrical space having a cross-section equal to the earth’s, and 
traversing the meteor-stream from side to side The motion of 
meteors will affect the particular set of meteors actually found within 
this space as the earth traverses it, but will not affect their number, 
assuming a general uniformity of meteoric distribution. 
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rarely, perhaps, exceeding % few ounces in weight. 
We shall certainly not exaggerate their weight if we 
assign one-hundredth part of an ounce to each. We 
thus obtain for the weight of the whole cluster one 
thousand millions of ounces, or about !28,000 tons. 
Tlie actual weight of the November meteor-system 
cannot however but enormously exceed this amount ; 
and therefore we recognise how erroneous that opinion 
is which an eminent astronomer recently expressed, 
who asserted that the united weight of all the bodies 
other than planets in the solar system must be es- 
timated rather by pounds than by tons. We have 
certainly no reason for thinking that the November 
system, though one^of the most important encountered 
by the earth, is exceptionally importaiit in the solar 
system. On the contrary, we have every reason the 
laws of probability can afford us for believing that 
there must be millions of systems equally or more ex- 
tensive. And, further, the fall of enormous masses, 
many tons sometimes in weight, upon the earth, 
would point to the conclusion that the members of 
the November system are exceptionally insignificant 
as regards their individual dimensions. So that we 
seem forced to the conclusion that the aggregate weight 
of the various meteoric systems circulating around the 
sun must be estimated by billions of tons rather than 
by any of our ordiaary units. 

^ I have already referred to the relation which has* 
been detected between comets and meteor-systems. 
Bizarre as the relation appears, it has been established 
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on evidence which canngt reasonably be disputed. •It 
carries with it results of extreme interest and import- 
ance. 

I do not propose here to enter into any consideratioji 
of those enormously difficult questions which are sug- 
gested by the study of cometic phenomena. That 
they will before very long receive their solution I 
confidently believe; but in the present state of our 
knowledge it would indeed be hazardous to speculate 
as to what that solution may be, I may remark in 
passing, that while I recognise in Dr. TyndalPs recently 
promulgated theory on the subject the indication of 
a highly suggestive and promising line of research, I 
cannot but feel that cometic phenomena are far too 
complicated tp be directly accounted for in the way 
pointed out by that distinguished physicist. Some of 
the more obvious, and, I may add, the more generally 
known phenomena, do indeed appear to receive a solu- 
tion when examined under the light of Dr. Tyndall’s 
researches, but numbers of others remain not only 
unaccounted for, but standing apparently altogether 
opposed to his theory.* 

But for my present purpose the facts to be princi- 
pally noticed are in a sense independent of any theory 
winch may be formed respecting the nature of comets. 
We know that the dimensions of tiiese objects are in 


> * The theory recently put forward by Professor Tait is altoge^jer 

inconsistent with the history of many comets. Indeed, I have been 
unable to find a single comet whose recorded changes of appearance 
conntenance Professor Tait’s views* 
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many cases enormous, \ilow further^ that there 

must be many thousands of comets remaining undis- 
covered for each that our astronomers have detected. 
And^ lastly, we are led to recognise the observed 
association between certain meteor-systems and cer- 
tain comets as indicative of a general law by which, in 
some way as yet unexplained, comets and meteors are 
associated together. Thus, independently of the con- 
siderations already adduced, we are led to the conclu- 
sion that meteor-systems must be very numerous; 
while from the fact that a meteor-system so important 
as the November stream is associated with a comet so 
insignificant as TempePs, we conclude that those mag- 
nificent comets which have blazed in our skies a 

source at once of wonder and perplexity^ to the astro- 
nomer— must be associated with systems of bodies 
incalculably more important than the meteor-system 
which has so often filled the heavens with falling 
stars. 

Now, combining all these results, we seem fairly hd 
to the conclusion that purposes of the utmost import- 
ance in the economy of the solar system must be 
subserved by these uncounted thousands of meteoric 
streams. If, indeed, we could suppose that the planets 
steered clear of them, and that the bodies composing 
them simply circulated unceasingly in their orbits, 
we might form another opinion. But we know that 
meteors are continually falling upon the atmosphere of 
our own earth, either there to be dissipated into finest 
dust or to pass onwards, with or without explosion, to 
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the actuaLsurface of the^arth; and we cannot doubt 
that in a similar way countless thousands of meteors 
are fallingj not only upon all the primary members of 
the solar system, but upon asteroids and satellites — 
nay, are even streaming in among the minute bodies 
composing the rings of Saturn. These encounters can- 
not be wholly without result, and it is quite conceiv- 
able that most injurious consequences might ensue to 
the inhabitants of all the worlds in the solar system 
if the continual supply of meteoric matter were import- 
antly diminished. 

Now, if meteoric masses fall continually upon the 
planets, such masses must fall m numbers inconceiv- 
ably greater upon the sun; and it is here, unless I 
mistake, that thp great purpose of the meteoric systems 
becomes apparent. 

Let us clearly recognise, however, why and how the 
sun must be assaulted by a continual inrush of meteoric 
bodies. We have seen how enormous must be the 
number of these bodies ; we know how swiftly they 
travel, and on what eccentric orbits ; but we must go 
farther before we can prove that they fall upon the 
^ sun. For example, the November meteors are enor- 
mous in number, and travd with enormous velocity in 
a very eccentric orbit, but they do not approach the 
sun within a distance of nearly 5o, 000, 000 miles. 
Nor, indeed, can any known meteoric system pour a 
steady hail of meteors, so to speak, upon the sun;* 
for he is the ruling centre of every meteoric system, 
and therefore under ordinary circumstances the me- 
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tcoric orbits must pass aroun^l him, and not in such a 
direction as to intersect his substance. 

But it is to be remembered that meteors must be 
infinitely more crowded in the neighbourhood of the 
sun than at a distance from him. An indefinitely 
large number of meteoric orbits must absolutely in- 
tersect in the immediate neighbourhood of the sun; 
and collisions must continually be taking place as 
countless thousands of meteoric flights rush towards 
and past and then away from their perihelia. Where 
these perihelia lie close to the sun the velocity with 
which the meteors travel must exceed 200 miTes per 
second, and therefore the collision even of two minute 
meteors must result in the generation of an enormous 
amount of light and heat. But that is not all. 
Amongst the collisions thus continually taking place 
in the sun’s neighbourhood there must be a consider- 
able proportion in which the two bodies are brought 
momentarily almost to rest by the shock. In such 
cases the combined mass of the two meteors would^aU 
directly upon the sun, a fresh supply of light and heat 
being generated as they were brought again to rest 
upon his surface. 

Whether in the continual collisions of meteors 
amongst themselves, and in their precipitation upon 
the sun’s surface, we have a sufficient explanation of 
the seemingly exhaustless emission of light and heat 
4rom the sun, I should not care positively to assertr 
Professor Thomson, who was one of the first to adopt 
this view, has I believe abandoned it ; though it is 
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worthy of remark, that Jhe strongest evideni^in its 
favour has been obtained since he withdrew l^^up-^ 
port from it, or at least admitted that the dowS^ 
of meteors on the sun’s surface is not alone suflSoient 
to account for the solar light and heat. But I ^am 
quite certain that there is no flaw in the evidence I 
have adduced from the laws of probability ; and that 
we are bound to accept, as a legitimate conclusion from 
that evidence, the theory that at least an important 


proportion of the sun’s heat is supplied from the 
meteoric streams wMch circulate in countless millions 


around him. I beHeve that, without adopting any 
unreasonable assumptions, it might readily be shown 
that the whole even of that enonnous supply of light 
and heat whict the sun emits on every side is derived 
from the meteoric streams belonging to the solar 
system or drawn in from surrounding space, as the 
sun, attended by his family of planets, sweeps onwards 
amid the stellar groups. 

If this view be correct, then the meteor-systems 
constitute, indeed, a most important part of the sun’s 
domain. They may be said almost to share with the 
sun a title to be regarded as the source of all the forms 
offeree wHch exist throughout the solar system. If 
in the energies of Iving creatures^ on earth, in the 
forces derived from the fuel that propels our engines, 
or in the power of winds and storms, we trace the 
• action of the ruling centre of the solar system, we mqy 
trace back the chain of causation yet one link farther, 
and see in the sun’s emission of light and heat the 
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jeesult of forces inherent in t!Jje meteoric systems which 
circle around him. 

But we must not forget one most important con- 
sideration, which makes the sun (as might be antici- 
pated) again the chief soimce of all the forms of force 
existing within his system. The motions of the 
meteoric masses are almost wholly due to the sun’s 
attraction : and therefore, in so far as those motions 
are to be regarded as a means of renewing the solar 
heat, we must regard the sun’s attractive energy as 
the source whence his heat and all the other forms of 
force which he exerts are in reality derived. 

Yet one step farther. The sun’s attractive energies 
might be increased a thousandfold, and yet not avail 
to supply the various forms of force which are required 
by his dependent worlds, were there no external ma- 
terial on which those energies could act in such sort 
as to lead to the continual inrush of matter upon the 
solar surface. Nor would it suffice if such materials, 
even in enormous quantities, existed close to the sun. 
It is the distance from which that material is dragged 
towards the sun which gives that orb the power of 
imparting those tremendous velocities to which the 
collisions of the meteoric bodies owe their real effec- 
tiveness. We thus find in distance^ in the simple 
element of seale^ the true source of the various forms 
of force which are continually exerted throughout the 
solar system. The sun surrounded by millions on*^ 
millions of meteoric masses close at hand would be 
powerless, but placed as ruler over a space far wider 
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than the sphere circled by Neptune’s orbit, amidst 
which space those countless millions of meteors are 
distributed, he becomes forthwith the centre of a 
thousand forms of force, gathered by him continual^ 
from the systems of meteors circling around him, and 
distributed by him abundantly and without ceasing to 
his dependent worlds,* 

It will not fail to be noticed by the thoughtful 
reader that, adopting this view of the relation in which 
meteoric and cometic systems stand with respect to 
the sun, it seems necessary that we should regard 
those* planets which I have endeavoured to raise to 
the dignity of secondary suns, as subordinate centres 
of attraction, around which countless thousands of me- 
teoric systems^ may be supposed %o circle. Have we 
any evidence pointing to such a conclusion ? 

Now there can be no doubt that if Jupiter, the 
nearest of these secondary suns, did so act upon a 
passing comet as to compel that body to circle in 
future around Am, instead of pursuing its course 
around the sun, we could not in any way become 
conscious of the event unless the comet were an ex- 

* Just as this work was about to he placed in the printer’s hands I 
received from Professor Kirkwood, of America, one of his valuable con- 
tributions to the history of the solar system In it he points to the 
evidence we have that the sun, as he speeds inward through space, 
passes through regions in which cometic and meteoric materials are now 
richly, now sparsely strewn, and gathers in accordingly new stores of 
force of greater or less amount The bearing of the views of this acute 
and soundly-reasoning astronomer (the Kepler of our day), not only dh 
the theories dealt with in the above chapter, but on those considered in 
the chapters which follow, will be seen at once. 
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c<!tptionally large one. I conceive, however, that such 
an event, though undoubtedly possible,* must be so 
uncommon, that the number of cometic systems thus 
forced to own Jupiter as their centre of attraction 
must be relatively few. But in another way the 
planet does exhibit his power as a comet-ruler, making 
comets recognise him as a sort of subordinate master, 
the sun being their primary ruler. When comets 
coming from outer space pass near enough to J upiter, 
he sways them so markedly from the orbit they are 
pursuing that the scene of encounter becomes the 
aphelion of their orbit, or nearly so. ThencC they 
pass on their new orbit to their perihelion, returning 
again presently to the scene of their encounter with 
Jupiter, and so revolving in an orbit having its 
aphelion close by the orbit of Jupiter, until haply 
the giant is again near the scene of encounter at the 


* It is necessarily possible in the case of any planet, but must in 
many cases be highly improbable. For example, astronomers sometimes 
assert that meteoric masses passing near the earth might beeome 
satellites of hers, but an reality this is a very unhkely event, because 
the maximum velocity which a body travelling under the earth’s influence 
can have (that is, the velocity acquired by a body travelling hrom infinity 
to a perigee close to the earth) is less than the velocity with which a 
body circling on any orbit round the sun would move when at the 
earth’s distance from him, unless its orbit were very eccentric and the 
aphelion close by the earth’s orbit. Bodies travelling from outer space 
towards the sun cannot by any possibihty become satellites of the earth, 
because they would always have a velocity greater than that which her 
attraction can master ]^en in the rare event of their grazing her 
5itmosphere, and so losing a large share of their velocity, they could not^ 
become permanent satellites of hers, because returning to the scene of 
encounter, they would lose yet a larger share of their velocity, and so 
must be brought, and that soon, to her surface. 
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moment when the comet comes back to it. In thfs 
case a fresh struggle takes place^ the overmastering 
attraction of the planet necessarily prevailing, and the 
comet being often dismissed on a new orbit, whos^ 
perihelion, instead of its aphelion, lies close by the 
orbit of Jupiter. 

Now we know that such events as these must be 
of frequent occurrence as Jupiter sweeps swiftly round 
on his orbit. For we recognise several comets which 
have evidently been compelled by Jupiter to take up 
such orbits as I have spoken of, — a family of comets, in 
fact, including Encke’s, Faye’s, and Brorsen’s comets, 
Winnecke’s short-period comet, and several others. 
We judge further, from the laws ^f probability, that 
for each discovered comet of this family, there must 
be thousands which have escaped detection. So that 
around the orbit of Jupiter (if not around Ju- 
piter himself), there cling the aphelia of myriads of 
cometic orbits, whose perihelia lie at all conceivable 
distances from the sun less than the distance of 
Jupiter. 

Saturn also has his family of comets ; so also have 
Uranus and Neptune. The comet associated with the 
November meteors belongs indeed to the Uranian 
comet-family, and the epoch (126 a.d^ has even been 
pointed out when this comet fell under the dominion 
(subject always to the sun’s superior control) of that 
distant planet. 

And here I may refer to a view which I have long 
entertained respecting the purposes which meteoric 

p 
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a 2 id cometic systems have fjilfilled in the past history 
of the solar system.* We know that the materials 
composing meteors^ and we conclude, therefore, that 
those composing comets, do not dilBfer from those which 
constitute the earth and sun, and presumably the 
planets also. Therefore, under the continual rain of 
meteoric matter, it may be said that the earth, sun, 
and planets are growing. Now the idea obviously 
suggests itself, that the whole growth of the solar 
system, from its primal condition to its present state, 
may have been due to processes resembling those 
which we now see taking place within its bounds. It 
is of course obvious, that if this be so, the number 
of meteoric and cometic systems must have been 
enormously greater originally, than 3,^; is at present. 
Countless millions of meteoric systems, travelling in 
orbits of every degree of eccentricity and inclination, 
travelling also in all conceivable directions around the 
centre of gravity of the whole, would go to the making 
up of each individual planet. A marked tendency to 
aggregate around one definite plane, and to move in 
directions which, referred to that plane, corresponded 
to the present direction of planetary motion, would 

*‘'Smce the present chapter was written, I find that the hypothesis 
here put forward has in a general way been touched on by more than 
one astronomer and physicist. I believe, however, that here, for the 
first time, it has been associated with the chief features of the solar 
system It was suggested in note b (Appendix) to my treatise on 
Saturn. But as a matter of fact, when that note was written, as alsft 
when those passages were published in which the same hypothesis is 
touched by other authors, the decisive evidences in favour of the theory 
were wanting. 
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suffice to account for th^ present state of things, ^he 
effect of multiplied collisions would necessarily he to 
eliminate orbits of exaggerated eccentricity, and to 
form systems travelling nearly on the mean plane "of 
the aggregate motions, and with a direct motion. 
Further, where collisions were most numerous, there 
would be found not only the most circular resulting 
orbits, not only the greatest approach to exact coin- 
cidence of such orbits with the mean plane of the whole 
system, but the bodies formed out of the resulting 
systems would there exhibit rotations coinciding most 
nearly with the mean plane of the entire system.* 

It seems to me, that not only has this general view of 
the mode in which our system reached its present 
state a greater support from what is now actually 
going on than the nebular hypothesis of Laplace, but 
that it serves to account in a far more satisfactory 
manner for the principal peculiarities of the solar sys- 
tem. I might indeed go further, and say, that where 
these peculiarities seem to oppose themselves to La- 
place’s theory, they give support to that which I have 
put forward. 

For example, what is there in the nebular hypothesis 
which affords even a general explanation of the str&ge 
varieties of size observed in the planetary system? 
How can that hypothesis be reconciled with the re- 

* This conclusion depends on a well-known law of probability. It 
^may be thus illustrated — we have m a bag a hundred white and a 
hundred black balls, and take out at random a number of balls, then the 
larger that number, the more nearly (in aU probability) will the number 
of black and white balls included in it approach to a ratio of equality 
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markable variations of inclina^on observed among the 
planetSj or with the retrograde and almost perpendicular 
motion of the satellites of Uranus ? IsTor again^ is the 
hypothesis consistent with the observed peculiarities of 
motion of those meteoric systems which we must now 
regard as regular members of the solar system. 

Now, according to the hypothesis I have put forward 
above, a general explanation of all these matters is at 
once suggested. Let us consider : — 

In the neighbourhood of the great central aggre- 
gation which would undoubtedly result from the mo- 
tions of such meteoric systems as I have considered, 
all the motions would be very rapid. They would, in 
fact, resemble the i^^iotions now actually observed in 
the sun’s neighbourhood. Here, therefore, subordinate 
aggregations would form with difficulty, since they 
would have small power of overruling meteoric systems 
rushing with so great a velocity past them. In the 
sun’s immediate neighbourhood, then, we should expect 
to find relatively small planets ; and we do accordingly 
find that Mercury, nearest to him, is the smallest of the 
planets, V enus larger, and the earth (yet further away) 
not only larger than Venus, but adorned with an attend- 
ant^satellite. 

Now, at a mueji greater distance from the sun the 
meteoric motions would be so much less, that here, 
supposing only a suitable mean density of aggrega- 
tion, it would be possible for subordinate centres of 
aggregation of far greater magnitude to form. These 
centres would increase in importance as they swept 
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round the central aggi;egation^ continually gathering 
fresh recruits. Indeed though, as nows they would not 
he able to prevent the major part of the materials 
rushing from outer space towards the sun from aggre- 
gating round hirriy they would still gather in no in- 
considerable portion of those materials. Where the 
largest portion would be gathered would depend on 
the way in which (taking a general view of the 
system) the quantity of material increased towards the 
neighbourhood of the centre. For clearly, while dis- 
tance from the sun would increase the facility with which 
materials would be gathered in — since the sun’s influence 
would diminish with distance, it would also afiect the 
quantity of material available — since, from a very early 
period, the system must have begun to show an appear- 
ance resembling that now presented by the zodiacal 
light, that is, a general increase of density towards the 
centre. 

Assuming that the region of maximum aggregation 
was that where the influence of the ruling centre first 
became so far diminished with distance as to render the 
formation of a great subordinate aggregation possible, 
we should have the innermost of the outer series of 
planets also the most bulky; and next, within^ that 
giant planet we should find a relatively barren space, 
cleared of material not only by the" sun’s still powerful 
influence, but also by the influence of this first im- 
" portant subordinate aggregation. The initial assump- 
tion is, in, itself, at least not improbable, and having 
once admitted it, we find an explanation of the giant 
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mass of Jupiter, of the compargitive poverty of material 
just within the orbit of Jupiter, and hence, of the 
condition of the asteroidal zone, and of the smallness 
of the planet Mars next within that zone — ^though this 
planet far outweighs (according to Leverrier’s estimate) 
the united mass of all the asteroids. Beyond the 
orbit of Jupiter, we should expect (after passing an 
enormously wide space, bare of worlds) to find still a 
great abundance of material, and an even greater 
facility in the aggregation of that material. Thus the 
existence of the planet Saturn, next in importance to 
Jupiter, and surpassing him in the complexity of his 
attendant system, is accounted for ; yet farther away we 
look for and find still an abundance of material, and 
that material somewhat more uniformly ^trewn, while 
the sun’s small influence is indicated by the existence 
of satellites, of which doubtless many more will one 
day be discovered by astronomers. 

And as to the rotations of the various members of 
the solar system we find some account, necessarily iwt 
exact, given by this theory. I have mentioned above 
the results to be looked for ; those observed are closely 
accordant with that view. Thus the sun, the largest 
memjjer of the system, and specially pre-eminent with- 
in its inner division, rotates on an axis inclined but 
about seven degrees to the mean plane of the system. 
Mars, the least member of this system, has an inclina- 
tion of no less than twenty-eight degrees ; the larger * 
earth an inclination of but twenty-three degrees. The 
nclinations of Venus and Mercury are undetermined; 
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they may be expected to be large, not merely on ac- 
count of the smallness of these bodies, but on account 
of their proximity to the sun. Of the outer division of 
the system, Jupiter, the largest, has an inclination of 
little more than three degrees ; Saturn has a very con- 
siderable inclination (more than twenty-six degrees) ; 
Xjranus has an inclination which may be described as 
actually greater than ninety degrees, since he rotates 
backwards with his equator inclined seventy-six de- 
grees to the ecliptic. And lastly, if the observations 
hitherto made on Neptune’s satellites are to be trusted, 
this planet, probably, rotates in a retrograde manner, 
his equator being inclined some twenty-six degrees to 
the horizon ; so that, to render the comparison between 
his rotation and that of the other members of the solar 
system complete, he may be said to rotate in a direct 
manner with his equator inclined some 154 degrees to 
the ecKptio. 

The great inclination and eccentricity of many of the 
astgroidal orbits is also accounted for more satisfactorily 
by this theory than by the nebular hypothesis. In 
fact, there is an absolute incorrectness in the assertioii 
that the smallness of the asteroids can (on the ordinary 
view of their origin) explain the relatively irregjjlar 
nature of their motions. Their minuteness doubtless 
brings them more under the disturbing influence of 
J upiter than a single massive planet at the same dis- 
'iance from the sun would be. But the attractions ot 
Jupiter can have no influence in causing the asteroids 
to depart so widely as they do from the ecliptic, since 
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Igs path lies quite close to the ecliptic^ and even nearer 
to the mean plane of the solar system. But bodies 
formed as the asteroids are supposed to be^, according 
to the hypothesis I have suggested^ would necessarily 
exhibit a much greater varietj^ of motion than would 
be recognised in the case of the larger planets. 

Another point in which^ as I conceive, my hypothesis 
is more satisfactory than the nebular one, consists in 
the fact that it suggests an explanation of the pecu- 
liarities observed in the planetary periods. Professor 
Kirkwood’s researches into the various relations of 
commensurability presented among the periods of 
planets and satellites, and the known effects of com- 
mensurability in encouraging the accumulation of pla- 
netary perturbatioSs, will at once suggest to the 
mathematical reader the way in which a system form- 
ing in such a manner as I have imagined, might be 
expected to exhibit the presence of law as regards 
distances and periods. I know of nothing in the nebular 
hypothesis which encourages the belief that a sy^em 
framed as Laplace conceived the solar system to be, 
would exhibit any such laws as are found within the 
planetary scheme. 

The hypothesis I have put forward also gets rid of 
that which has always seemed to me the great diffi- 
culty of the nefihlar hypothesis. According to the 
views of Laplace, Neptune must have been formed 
millions of ages before Uranus, Uranus as long before 
Saturn, Saturn as long before Jupiter, and so on. 
Now we know that the appearance of those primary 
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members of tbe solar system which we are best ablet to 
study, does not indicate any such enormous dispropor- 
tion in the ages of the planets, even if it does not 
indicate that the planets were formed nearly at the 
same era. According to my hypothesis, the various 
processes of aggregation would go on simultaneously 
(just as the influences which Jupiter has on comets 
are now exerted simultaneously with those more power- 
ful influences possessed by the sun) ; and though the 
various orbs formed by those processes would not 
necessarily be completed simultaneously, there would 
be nS such enormous disproportion in their age as is 
necessary according to the theory of Laplace. 

Yet another strong point in favour of this hypothesis 
resides in the circumstance that® we now have every 
reason to believe that all the planets are constituted of 
the same elements. When it was thought that Jupiter 
might be a watery globe, for instance, there was some 
evidence in favour of Laplace’s theory. But we now 
know that Jupiter is not constituted differently, in all 
probability, from the earth and sun, as according to 
Laplace’s theory he must have been. Since, then, we 
know that meteors contain the same elements which 
exist in the constitution of sun and planets, we^have 
here a very strong argument in favour of the view that 
they have played the important part I have assigned 
to them in the formation of the solar system. 

But after all, the strongest evidence in favour of the 
hypothesis I have suggested, consists in the fact that 
the processes by means of which I conceive the solar 
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system to have been formed, ^e undoubtedly going on 
before our eyes. There may be little, indeed, in the 
downfall of meteoric showers to suggest the idea of 
world-formation or sun-formation ; little in the present 
aspect of the zodiacal light or of the solar corona, to 
present to the mind’s eye a picture of that vaster 
agglomeration of meteoric and cometic systems, all 
speeding with inconceivable velocities on their inter- 
lacing orbits, which I imagine to have been the em- 
bryon of the solar scheme. But sun and planets are 
growing, however slowly, as the meteoric hail falls 
continuously upon them; the zodiacal light and the 
solar corona are doubtless due to the existence of 
meteoric systems, resembling (however relatively insig- 
nificant) those which have pictured as^the materials 
of the planetary scheme. In the Saturnian rings, also, 
which have been proved by the researches of Maxwell 
and others to consist of multitudes of discrete bodies, 
we have evidence of the same sort in the case of a 
subordinate centre of aggregation. So that we have^a 
form of evidence which was wanting in the case of the 
nebular hypothesis, in favour of this other hypothesis, 
by which, as in Laplace’s, the present state of the solar 
system is regarded as the result of a process of develop- 
ment, and not of special creative fiats of the Almighty. 

In this last respect, the hypothesis I have put for- 
ward will doubtless seem objectionable to those who 
imagine that, in indicating processes according to 
which the solar system may have reached its present 
condition, astronomers are attacking the attributes of 
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God. This mil be th^ more unfortunate, becaus?e 
those who entertain this strange view may be re- 
garded as probably so far beyond the reach of argu- 
ment as to be unlikely ever to abandon their objection^ 
Otherwise, it might avail to point out, that as, inwall 
that surrounds us, we find God acting through second 
causes, we can have no reason for assigning limits to 
the range of space or time within which He so acts ; 
that is, we can have no reason for believing that we 
can point to a time when He acted directly upon the 
universe: and further, that it gives an altogether 
higher idea of that wisdom which must, in any case, be 
far above our conceptions, to regard the laws of God 
as so perfect that they operate always to work out His 
will — without ■yte necessity of special interference on 
His part — than to see His hand directly operative in 
all the phenomena of the universe* 
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CHAPTER X. 

OTHER SUNS THAN OURS. 

We are now to venture into regions where we shall 
no longer have clear lights to guide us. Tremendous 
as are the dimensions of the solar system, the widest 
sweep of the planetary orbits sinks into insignificance 
compared with the distances which separate from us 
even the nearest of the fixed stars. ^From beyond 
depths which the human mind is utterly unable to 
conceive, there come to us the rays of light which 
myriads of those orbs are pouring forth, and it is from 
the lessons taught us by these light-rays that we are 
to form our ideas concerning the nature of the ^rbs 
which emit them. Very carefully and cautiously must 
we proceed, if we would avoid being led into vain 
imaginings. It will but mislead us to pass a single 
st€;p beyond the path which is dimly lighted for us, 
and yet that path is so narrow and so obstructed with 
difficulties, that we find ourselves continually tempted 
to leave it, and to venture forward on the alluring and 
^easy paths which speculation opens out on every hand 
around us. 

And yet we may well remain content to listen only 
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to the teachings of known facts. Even so restrainiiig 
ourselves, we have in reality a wide and noble domain 
to explore. Facts which seem severally unimportant, 
are found, when considered as parts of a grand whole, 
to indicate relations so impressive and so interesting, 
that the revelations of the telescope within the solar 
system are apt to seem commonplace beside them. 
We have, in fact, to consider no longer the structure 
of a system, — ^the architecture of the universe is our 
theme. 

Let us examine carefully the evidence which science 
has gathered together for us, endeavouring at each 
step to gain the full amount of knowledge the several 
facts involve, while at the same time cautiously refrain 
ing from any attempt to overstep *910 bounds indicated 
by our evidence. 

In the first place, let us consider what may be 
learned from the analogy of the solar system. The 
study is an inviting one, since the discoveries on which 
we^are to found our views have been made so recently, 
that the subject has all the charm of novelty and fresh- 
ness, while it involves the consideration of the soundest 
and most instructive mode of pursuing our researches. 

We have seen in the solar system a variety jand 
complexity of structure, such as, half a century ago, 
few astronomers would have thou^t of ascribing to 
it. When Sir William Herschel began that noble 
•series of researches amid the sidereal depths by which 
his name has been rendered illustrious, he saw in the 
solar system a scheme very different indeed from that 
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IjirMcli is presented to our contemplation. He beheld 
a vast central body, surrounded by a limited number 
of orbs, some of which were the centres of subordinate 
schemes of greater or less extent. When we have 
added the ring of Saturn as the only formation dif- 
fering from planets and satellites in character, and the 
comets, few and far between, which seemed rather acci- 
dental tributaries of the sun than regular members 
of his family, we have considered all the features which 
the solar system, as known in Sir William Herschel’s 
day, presented to the contemplation of astronomers. 

With us it is very different. We see thaf there 
exists within the solar system a variety of size and 
structure, of motion, arrangement, and aggregation, 
which is already inconceivable, and yet doubtless but 
faintly shadows forth the real complexity and richness 
of the scheme swayed by our sun. Perhaps it is in 
considering the solar system in the particular light in 
which, in this treatise, I have had occasion to present 
it, that this wonderful variety of conformation is n^^de 
most strikingly apparent. But, apart from all specu- 
lative theories, there can be no doubt that the solar 
system presents to us a subject of study amazing in 
itself, but most amazing when we regard it as sup- 
plying the analogies which are to guide us in forming 
our views respecthag the sidereal system. Besides the 
family of planets circling round the sun, besides the 
system of dependent orbs which circle round the^ 
planets, we see a zone in which independent, planets 
circle by hundreds, perhaps even by myriads, around 
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the solar orb ; we see the ring of Saturn composed" 
of thousands of tiny bodies ; we see the meteoric 
systems in countless hosts ; we see the comets of our 
scheme in millions on millions ; and less certainly, but 
still not indistinctly, we recognise the existence of a 
multitude of new and hitherto unsuspected forms of 
matter within the circle of our sun’s attraction. 

What opinion then are we to form — even here, at 
the very outset of our inquiry — ^respecting the sidereal 
scheme of which our sun forms but an unit? Surely 
it would be to lose sight of the significant lesson 
taugUt us by the solar system, it would be to forget 
how sure and safe a guide the greatest of modern 
astronomers found in the teachings of analogy, to 
adopt the same view now which tfiat great astronomer 
adopted a century ago. If, viewing the solar system 
as consisting of discrete orbs, comparable one with 
another in size, and distributed not without a certain 
uniformity around their ruling centre, Sir William 
Herschel held that the sidereal scheme presented 
somewhat similar relations, surely we^ w^ho know cer- 
tainly that the solar system is constituted so diffe- 
rently, must adopt a far different view of the sidereal 
scheme also. 

Let us remember that there is here — so far as our 
respect and admiration for Sir William Herschel are 
concerned — a choice between two courses. Assuming, 
M indeed is just, that the views of our great men are 
not rashly to be thrown on one side, we have to choose 
whether we would rather abandon the views which Sir 
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•William Herschel formed ab^ut facts, or the views 
which he formed about principles. If we accept his 
opinion (or rather, after all, his mere suggestion), that 
the stars are tolerably uniform in magnitude and dis- 
tribution, we must abandon the analogy of the solar 
system. If, on the contrary, we accept Sir William 
HerscheFs often expressed opinion that, in theorising 
about the unknown, there can be no safer guide than 
the analogy of known facts, we must abandon the 
view (which seemed to him but probable) that the stars 
are distributed with tolerable uniformity throughout 
our galaxy, and are comparable inter se in magnitude 
and splendour. 

There can be no doubt which course is preferable. 
We know certainly, that Sir William Herschel was 
often mistaken, as all men must be, in matters of fact ; 
while we know with equal certainty, that he owed 
the marvellous success with which he theorised, to 
his adoption of the principle that analogy is the chiet 
and the best guide for the student of astronomy. 

We are compelled, then, in our very respect and ad- 
miration for the greatest astronomer of modern times, 
to regard the constitution of the sidereal system as, in 
all probability, very different from what he imagined. 

We must be prepared to expect an infinite variety 
of figure, of structure, of motion, and of aggregation 
throughout the galactic scheme. If some orbs within 
that scheme seem probably to be suns like our own,» 
we must not be surprised to find others which are pro- 
bably far larger or far smaller. We may look for 
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objects differing as much^from the suns of the sidered 
system as the asteroidal zone differs from Saturn or 
from J upiter. So that^ if we should recognise evidence 
of the existence of clusters of minute stars — a whole 
cluster^ perhaps, not equalling in real importance the 
least of the suns of the system — we may accept that 
evidence without any scruples suggested by the im- 
probability of the conclusion to which it points. Again, 
we may expect to find schemes within the sidereal 
system, differing as much from discrete stars or star- 
clusters as the rings of Saturn differ from the primary 
planets or from the asteroidal zone. So that, if we 
should recognise evidence of the existence of relatively 
minute clusters, whose components are either so small 
or so closely aggregated as not to be separately visible 
even in our most powerful telescopes, this evidence 
may fairly be accepted as accordant with the only 
analogy we have for our guidance. Yet once more ; we 
may look for systems differing as much from all or- 
dinary star-clusters as the eccentric and far-reaching 
meteor-systems differ from the symmetrical rings of 
Saturn. So that, if we should find evidence of strange 
schemes within the sidereal system, schemes presenting 
every bizarre variety of figure, with strange complexi- 
ties of spiral whorls or outlying branches, losing them- 
selves, as it were, in the depths towards which they 
seem to extend, — this also need not surprise us : we 
need not conclude that here^ at any rate, we are looking , 
beyond the bounds of the sidereal system, and gazing 
upon external galaxies, for the analogy we have chosen 

Q 
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for our guidance teaches us ^hat such structures were 
to he expected within the scheme of which our sun is 
a component. And finally^ if we should find reason to 
assure ourselves that there are objects in the depths of 
sp^ce whose very substance and constitution are dif- 
ferent from those of all other objects within the sidereal 
system^ we need by no means believe that the objects 
thus singularly constituted belong to, or form external 
systems. For the millions on millions of comets which 
form part and parcel of the solar system present a 
precisely analogous difference of structure, as compared 
with the other members of that system. ^ 

Having thus replaced the erroneous analogies to 
which — through no fault of his own — Sir William 
Herschel was led to look for guidance, by the more 
trustworthy analogies which the recent progress of 
astronomy has afforded for our instruction, we may 
proceed to consider the direct evidence we have 
respecting the constitution of our galaxy. 

In the first place, let us examine the evidence wjiich 
points to the dimensions of the sidereal system. 

That the nearest members of the system lie at enor- 
mous distances from us, is proved by the fact, that as 
the earth sweeps on her vast orbit round the sun, no^ 
appreciable change is observed in the configuration of 
the star-groups. That a circle having a diameter of 
more than 180,000,000 of miles should be swept out 
year by year as the earth traverses her orbit, and jRt 
that the surrounding stars should exhibit no -change of 
place, is at once the most striking and the simplest 
evidence we have, of the enormous scale on which the 
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sidereal system is coxistHiUJCced, And yet this first 
obvious fact sinks almost into insignificance when 
we regard thoughtfully the teaching of modem 
instrumental astronomy. There might he a reah 
shifting of apparent position which yet the unaided eye 
would fail to detect, and such a change would indi- 
cate distances so enormous that the mind fails alto- 
gether to conceive their real significance. But the exact 
instruments of modern times would exhibit a change 
of place infinitely more minute than any which the 
unaided eye could recognise. If a star shifted by so 
much as the ten-thousandth part of the moon’s apparent 
diameter, modern astronomers could assure themselves 
of the change of place. And when^we remember that 
in precisely th^same proportion that we increase the 
exactitude of instrumental observation, we increase 
also the significance of the stars’ apparent fixity of 
position, it will be seen at once how astounding is the 
lesson conveyed by the fact that all but a very few 
indeed of the stars remain absolutely unaffected — even 
under the most powerful instrumental examination — 
by the enormous range of the earth’s orbital motion. 

We can roughly estimate the distances of the few 
stars which are thus affected, and thence — on iiie 
hypothesis that the intrinsic brilliancy ^f»f their light is 
the same as the sun’s — ^we may form some idea of 
their dimensions. I shall, however, only apply this 
process, in detail, to a single case, because my present 
object is lather to indicate in a general way the scale 
on which the sidereal system is constructed, than to 
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filter at length on the exact details which find 
their place in ordinary treatises on astronomy. 

The star Alpha Centanri is one of the brightest in 
rthe heavens^ Sirius and Canopus alone surpassing it 
iur splendour. But it is not its exceptional brilliancy 
alone, which led astronomers to regard it as likely to 
afford evidence of an apparent change of place corre- 
sponding to the earth’s real change of place as she 
sweeps round her orbit. Of course, the brightest 
stars are presumably the nearest ; but there is another 
indication of proximity at least equally important. 
The so-called fixed stars are in reality slowly moving 
onwards on definite courses — slowly, that is, in appear- 
ance, though in ^reality their motions are doubtless 
inconceivably rapid. Now these motions, the proper 
motions of the stars, as they are called, are as yet very 
little understood. We know only that the whole of 
the galactic system is astir with life, but whither the 
orbs are severally tending we are not yet able to say. 
Nor do we know what portion of the stellar motions 
may be due to the undoubted proper motion of our 
own sun through space. This, however, may be re- 
garded as certain, that until we know somethings 
respecting the laws whieh regulate the stellar move- 
ments, we mijst regard the magnitude of a star’s 
motion as probably an indication of relative proximity. 
Precisely as a man walking at a great distance from us 
appears to move much more slowly than one who-^is ' 
walking at the same rate close by, so the apparent rate 
of a star’s motion is diminished in proportion to the 
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star’s distance from us. '^hen, therefore, it was found 
that the star Alpha Centauri is moving more rapidly 
than other stars, this fact, combined with the great 
lustre of the star, led astronomers to suspect that it^ 
must be comparatively near to us. ^ 

Observations made to determine whether the star 
shows any sign of an annual change of place corre- 
sponding to the earth’s annual orbital motion, were 
rewarded by the detection of a very appreciable dis- 
placement. In fact, owing to the motion of the earth, 
each year, in a nearly circular orbit 180,000,000 miles 
in diameter, the star AJpha Centauri appears to trace 
out each year a minute oval path on the celestial sphere, 
the greater axis of the oval being equal in length to 
about -^th part of the moon’s apparent diameter.* 

It follows from this, that in round numbers the 
distance of Alpha Centauri from us is about twenty 
millions of millions of miles. The distance of th^ 
earth from the sun shrinks into insignificance beside 
this, enormous gap. Even Neptune, though circling 
round the sun at a distance 300 times vaster than 
that which separates us from that luminary, is yet 
relatively so much nearer than Alpha Centauri, that 
a sun filling the whole orbit of Neptune, would ap- 
pear, as seen from that star, but about one-ninth as 
large as the sun appears to us. 

* It hardly need be mentioned, perhaps, that this motion being 
saperadded to the star’s more considerable proper motion, the path ^ 
which the star seems really to follow is a looped one, the size of each ' 
loop being small in comparison with the distance between successive 
loops. 
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f Now let us consider what dimensions we may assign 
to Alpha Centauri, on the assumption that the surface 
of this star emits a light as brilliant as that which 
proceeds from the photosphere of our own sun. We 
must not neglect the consideration that the star is 
double — ^the companion emitting perhaps about one- 
sixteenth as much light as the primary.* The distance 
of Alpha Centauri is equal to about 230^000 times that 
which separates us from the sun. Therefore^ if re- 
moved to the star’s distance, the sun would shine with 
only 52,900^^ ^^ present brilliancy. Now, 

according to the most careful estimates of the bril- 
liancy of Alpha Centauri, the light we receive from 
that star is about i6;9 5o 7 Wodo ^^ of we receive from 
the sun,t It follows, therefore, that^the star emits 
about three times as much light as the sun ; and 
therefore, so far as the emission of light is a criterion 
of size, the star may be regarded as considerably 
larger than our own sun. In fact, reducing the total 
light of the pair by one-sixteenth, we find thatcthe 
primary must still emit about three times as much 
light as the sun, and therefore the diameter of the 
star, as thus estimated, would appear to exceed our 
sujj’s in the proportion of about 17 to 10 . 

* Sii Jolin Herschel, observing the star with his 20-feet reflector, 
thought the secondary brighter than it is usually considered. I cannot 
bnt think that, for a comparison of this sort, smaller telescopes may more 
^ safely be trusted. 

t This estimate is founded on Sir John Herschel’s comparison between 
the light of the star and that of the full moon, and ZoUner’s comparison 
between the light of the full moon and that of the sun. 
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We have here, then, clear and decisive evidence iji 
favour of the view that among the fixed stars there 
are orbs which may be regarded as veritable suns, 
worthy to be the ruling centres of schemes as noble 
as the solar system. For we know quite certainly, that 
the greater number of the first magnitude stars are 
very much farther from us than Alpha Centauri, with 
which, however, they are fairly comparable in bril- 
liancy : so that they may be regarded as for the most 
part at least equal to that star in size and mass. Sirius 
and Canopus, indeed, must far surpass Alpha Cen- 
tauri. ^ The latter, though more than thrice as bright, 
exhibits no appreciable change of position as the earth 
circles round the sun. Sirius, which is more than 
four times brighter than Alpha Centauri, shows an , 
annual change of position which certainly does not 
exceed one-fourth of that star’s. It is therefore four 
times farther from us than Alpha Centauri, and, did 
it emit no greater amount of light, would appear to 
shine with but one-sixteenth of that star’s lustre. As 
in reality it is four times as bright, the real amount 
of li g ht it emits must exceed that of Alpha Centauri 
no less than 64 times, and that of our own sun no 
less than 192 times. So that, judged from this indi- 
cation alone, the diameter of Sirius may be held to 
exceed that of our sun in the proportion of about 14 
to 1, an estimate which assigns to Sirius a diameter of 
nearly 12,000,000 miles, and a volume 2,688 times as 
large as'lihe sun’s. 

But, on lie otter hand, still confining our atten- 
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tion to this method of estimating magnitude, we find 
reason for beKeving that many of the visible stars 
must fall far short of our sun in magnitude. The 
sixth magnitude double star, 61 Cygni, has been found 
to be nearer to us than Sirius, and about three times as 
far from us as Alpha Centauri. Now, we may assume 
that each component sends us about one-hundredth 
part of the light we receive from Alpha Centauri ; it 
follows that the latter star, if removed to the distance 
at which 61 Cygni lies from us (when its light would 
of course be diminished to one-ninth of its present 
value), would outshine either component of that double 
star more than 11 times; hence (on the assumption 
that brightness is a fair measure of real dimensions), 
each component has a diameter less than^one-third that 
of Alpha Centauri. We may roughly estimate the 
volume of each at about -^th. of that of the latter 
star. So that, remembering what has already been 
shown respecting the relation between Alpha Centauri 
and our sun, the two suns which form the double star 
®1^ Cygni, would each have a diameter equal to about 
■l^ths of the sun’s, and a volume equal to about ^ths. 
The sum of their volumes would be therefore about 
one-third of his ; and it will presently appear that a 
perfectly distinct mode of estimation tends to show 
that the sum of "'their masses bears about the same 
proportion to the sun’s mass. 

But here at once we have evidence that there is & 
very wide range of magnitude among the fixed stars. 
We have seen reason to believe that Sirius is 2,688 
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times as large as the ^un, while each of the sws- 
forming the double star 61 Cygni, would appear 
to have a volume less than one-fifth of our sun’s, and 
therefore less than tjiro volume of Sirius. So 

that, by considering only three cases, we have found 
tolerably clear evidence of a range of variety in volume, 
reminding us forcibly of that which we recognise in 
the solar system. We cannot suppose that these three 
cases, which have been selected at random — so far as 
the question of volume is concerned — ^indicate anything 
like the real limits within which the fixed stars differ 
in magnitude. So that we may confidently accept, as 
the most probable conclusion from the evidence before 
us, that the range of real magnitude among the fixed 
stars is very far greater than Sir W. Herschel was led 
to anticipate, when, nearly a century ago, he began his 
researches into the sidereal system. 

But it is not sufiSicient that we should thus form an 
estimate of the nature of the fixed stars, from the 
amount of light they send to us. It is desirable — and 
fortunately it is practicable — ^to obtain information as 
to the absolute mass or weight of some of the fixed 
stars, and further to ascertain of what substances they 
may be composed, and in what condition those^ sub- 
stances may exist. Mere lights, however glorious, or 
however wide the sphere within which they displayed 
their splendours, would not be fit to sway the motions 
' of orbs resembling those which circle around our sun. 
Nor would such lights serve to indicate to the astro- 
nomer that, out yonder, myriads of millions of miles 
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•beyond the extreme limits of ^the solar system, there 
exist materials suited to form the substance of worlds 
resembling our own, 

^It seems a strange circumstance that astronomers 
should be able to form a more exact and trustworthy 
estimate of the weight of certain fixed stars than they 
can hope to form respecting the volume of any of those 
bodies. Let us consider what evidence we have on 
this point. 

I have spoken of the star 61 Cygni as a double 
star. The smaller star shows very clear indica- 
tions of orbital motion around its primary. tChat 
the two are associated together, and not merely seen, 
as it were by an accident, nearly in the same line of 
view, is indeed certain, because that pe<juliarly large 
proper motion already referred to is shared in by both. 
But many stars may be physically associated, and yet 
the distance really separating them may enormously 
exceed that by which they seem to be separated — 
since the line joining them is not necessarily square 
to the line of sight. The components of the star 61 
Cygni have been carefully watched, however, and their 
motions show that they are circling around each other. 
The ^distance separating them is probably about half 
as large again as the distance of Neptune from the 
sun. 

The period of revolution appears to be about 520 
jears, Tvliich is more than three times as great as tihe ' 
period of Neptune. Now we know that a “planet 
placed at a distance from the sun, equal to that 
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■which separates the coqiponents of 61 Cygni, woTaldr 
occupy a much less period than 520 years in com- 
pleting a revolution ; in fact, its period would be about 
300 years. Hence it follows that the components of 
61 Cygni are attracted together less forcibly , than 
Neptune is attracted towards the sun, and therefore 
that the sum of their masses must be less than the 
sun’s mass. It is easy to compute the actual propor- 
tion, and we find accordingly that the two components 
of 61 Cygni, taken together, weigh about one-third as 
much as our sun.* 

Gflie star Alpha Centauri is also a binary system, 
and though it has not been so systematically observed 
as 61 Cygni, some astronomers believe that its period 
has been even more satisfactorily determined. Indeed, 
there are peculiarities in the motion of 61 Cygni, 
which, without throwing doubt on the general conclu- 
sions deduced above, yet suggest that a third (probably 
opaque) orb affects the motions of the other two. From 

careful comparison of all the observations made in 
recent 'dmes on Alpha Centauri, Mr. Hind has as- 
signed to the components a period of revolution of 
about eighty-one years, and a mean distance of 13 ’6 
seconds of arc, corresponding to a real distance exceed- 
ing the earth’s distance from the^ sun some fifteen 
times. Since a planet placed at tSis distance from the 

* Itmay easily be sbo'wn, that if a pair of bodies circling around each 
other at a certain distance take a certain time T in effecting a revoki- 
tion, while another pair at the same distance take a time t, the former 
pair, taken together, have a weight which bears to the weight of the latter 
pair the ratio of to T*, 



236 


OTEJER WOMLDS TJECAJSf OUItS. 


f5um would-occupy less than si^^ity years in completing 
a revolution round that body, it follows that the mass 
of the two components of Alpha Centauri must be 
less than that of the sun. This result (if the data 
be considered trustworthy) would indicate a consider- 
able difference between the condition of the star and 
that of our sun ; for we have seen that the star gives 
out much more light than the sun. However, I 
believe that many years must elapse before we can 
regard the period of Alpha Centauri as satisfactorily 
determined. 

Still, we have conclusive evidence in this case, as in 
that of the star 61 Cygni, that the component stars 
are really bodies of enormous weight, and conseq[uently 
well fitted to sway the motions of families of planets. 
We conclude, therefore, that the fixed stars generally 
are suns, not mere lights ; and, further, we are led to 
believe that there must be a general similarity in the 
conditions under which these bodies and our own sun 
emit light. And thus we are led to recognise oth^ 
stars also — ^though as yet unweighed^ — as massive orbs, 
not merely supplying light to other worlds travelling 
around them, but regulating by their attractive in- 
fluences the orbital motions of their dependent worlds. 

But we owe to the revelations of the spectroscope 
the complete proof "of these matters, besides evidence 
on other and equally interesting points. 

^ It had long been known that the spectra of the 
fixed stars present a general resemblance to the solar 
spectrum, though of course very much fainter, and 
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that dark lines can be^seen in these spectra^ som^ o£ 
which correspond with those in the sun’s spectrum, 
while others seem to be new. So soon as the great 
discovery effected by Kirchhoff had been announced, 
it was seen at once that these dark lines in the stellar 
spectra afford the means of determining the constitution 
of the stars. It was only necessary that these lines 
should be identified by their correspondence with the 
lines belonging to known elements, in order to prove 
that these elements exist in the substance of the star. 
But although the principle on which researches were 
to "Be conducted was sufficiently simple, many diffi- 
culties had to be encountered. Indeed, the attempts 
made by Airy, Secchi, and Eutherford, to solve the 
problem of determining the consfttution of the stars by 
means of spectroscopic analysis, were unsuccessful ; and 
it was not until Professor Miller and Mr. Huggins 
commenced their famous series of researches that the 
problem can be said to have been fairly mastered. 

^ Even in the hands of these eminent physicists the 
work was difficult, and its progress tedious. The 
weather necessary for the successful prosecution of so 
delicate a method of inquiry, does not often prevail in 
our variable climate. The comparison between the 
dark Knes in the stellar spectra, and the bright lines 
belonging to various elements, wa'fe* not only a dehcate 
and laborious task, but was singularly painful to the 
ejes. And other difficulties into which I have not 
space *0 enter here had to be encountered and overcome. 

But, undeterred by these difficulties, the two physi- 
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*ci§ts persevered in their researches, and were rewarded 
by results so interesting and important that their dis- 
covery may be said to constitute the most remarkable 
era in the history of sidereal research, since the com- 
pletion of the star-gaugings of the elder Herschel. 

Two bright stars, Betelgeux, the leading brilliant of 
Orion, and Aldebaran, the chief star of Taurus, were 
examined with special care. Mr. Huggins remarks 
that the spectra of these stars are as rich in lines as the 
solar spectrum itself. The places of no less than eighty 
lines in the spectrum of Betelgeux were accurately 
measured, while as many as seventy lines had their 
places assigned to them in the spectrum of Aldebaran. 

With respect to the former spectrum, Mr. Huggins 
remarks that it is Imost complex and ^remarkable. 

^ Strong groups of lines are visible, especially in the 
red, the green, and the blue portions,’ a peculiarity, it 
may be remarked in passing, which serves to account 
for the well-marked orange colour of this star. 

Now here already we have very decided evidence' as ' 
to the nature of the star ; since the very fact that its 
spectrum presents the same general appearance as the 
solar spectrum, proves conclusively that the star is an 
incandescent body, whose light comes to us through 
certain vapours corresponding to those which surround 
the sun. Nor should we be able to regard the star as 
other than a sun, even though none of the elements 
known to us should appear to be present in its jtib- 
stance, or in the vapours surrounding it. Pov^e^y, 
we have no reason for believing that worlds can 
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be formed out of those elements only with which, 
we are acquainted^ unless we find as we proceed, 
that those elements actually do compose the suns 
which form the sidereal system. Of course, if this 
shall appear to be the case, our conclusions respecting 
the nature of the stars will be very much strengthened. 

Now, when Professor Miller and Mr. Huggins com- 
pared the lines in the spectrum of Betelgeux with 
the bright lines of certain terrestrial elements, they 
found that some of these elements do actually exist 
in the vaporous envelope of the stars. Thus, sodium, 
maghesium, calcium, iron, and bismuth, are present in 
Betelgeux. The Knes of hydrogen, which are so well 
marked in the solar spectrum, are not seen in the spec- 
trum of Betelgeux. We are not'^o conclude from this 
that hydrogen does not exist in the composition of the 
star. We know that certain parts of the solar disc, 
when examined with the spectroscope, do not at all 
times exhibit the hydrogen lines, or may even present 
them as bright instead of dark lines. It may well be 
that in Betelgeux hydrogen exists under such condi- 
tions that the amount of light it sends forth is nearly 
equivalent to the amount it absorbs, in which case its 
characteristic lines would not be easily discernible. In 
fact, it is important to notice generally, that while 
there can be no mistaking the positive evidence 
afforded by the spectroscope as to the existence of 
^any element in sun or star, the negative evidence 
supplied by the absence of particular lines is not to 
be certainly relied upon. 
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" "In. tlie case of Aldebaran ,tlie two physicists were 
able to establish the existence of sodium, magnesium, 
hydrogen, calcium, iron, bismuth, tellurium, antimony, 
and mercury, in the vapours surrounding the star. 
"Besides these stars, fifty others were examined. 
The brilliant Sirius exhibits a spectrum of great 
beauty, though the low altitude which this star attains 
in our latitudes rendered the observation of the finer 
lines exceedingly difficult. But the two physicists 
were able to show that sodium, magnesium, hydrogen, 
and probably iron, exist in this gigantic sun. 

AH the stars examined exhibit spectra crossed by 
numerous lines ; and in a great number of the spectra, 
Htiar belonging to known terrestrial elements were 
detected. 

And now let us consider the general bearing of these 
interesting discoveries. 

In the first place, we are forced to recognise in 
the stars real suns, not mere lights. Doubtless Dr. 
■WheweU did well in pointing out that astronomers hftd 
no right to regard the stars as suns, until they had 
some evidence that these orbs resemble the sun in 
other respects than in size, mass, or luminosity. And 
as iij. his day it appeared altogether unlikely that such 
evidence should be obtained, a real limit seemed placed 
to the speculation^ men might form as to the existence 
of other planetary systems besides those which circle 
around the sun. r 

But now we have precisely that evidence which 
WheweU required. We see that the stars are consti- 
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tuted in the same general,! way as the sun, and that 
further, they even contain elements identical with those 
which exist in his substance. There is not indeed in 
every case, perhaps there may not he in any case, aig 
exact identity of composition between star and sui^ or 
between star and star. But this was no more to have 
been looked for than an exact identity of physical 
habitudes amongst the members of the solar system. 
That general resemblance of structure which indicates 
a general resemblance in the purposes which the ce- 
lestial bodies are intended to subserve, is undoubtedly 
evident, when we compare the stars either with our sun 
or with each other, 

I have already spoken of the conclusions to be drawn 
from the existence of the same materials in the sub- 
stance of the sun that exist around us on this earth. 
I have shown that we are compelled to regard this 
general resemblance of structure as sufficient to prove 
that the other planets resemble the earth, since we have 
no treason to believe that our earth bears an excep- 
tionally close resemblance to the sun as respects the 
elements of which she is composed. 

Since, then, we have reason to believe that all the 
planets which circle around the sun are constitute(J of 
the same materials which exist in his substance, though 
tljLese materials are not necessarily nor probably com- 
bined in the same proportions throughout the solar 
system, we have every reason which analogy can give 
us for beJieving that the planets circling around Be- 
telgeux or Aldebaran are constituted of the same 

R 



242 OTHER WORLDS THAN OURS. 

materials which exist in the ^hstance of their central 
luminary. 

Thus we are led to a number of interesting con- 
clusions even respecting orbs which no telescope that 
man can construct is likely to reveal to his scrutiny. 
The existence of such elements as sodium or calcium 
in those other worlds suggests the probable existence 
of the familiar compounds of these metals — soda, salt, 
lime, and so on. Again, the existence of iron and other 
metals of the same class carries our minds to the 
various useful purposes which these metals are made 
to subserve on the earth. We are at once invited to 
recognise that the orbs circling around those distant 
suns are not meant merely to be the abode of life, but 
that intelligent creatures, capable of applying these 
metals to useful purposes, must exist in those worlds. 
We need not conclude, indeed, that at the present 
moment every one of those worlds is peopled with in- 
telligent beings, because we have good reason for be- 
lieving that throughout an enormous proportion of^the 
time during which our earth has existed as a world no 
intelligent use has been made of the supplies of metal 
existing in her substance. But that at some time or 
other those worlds have been or will be the abode of ^ 
intelligent creatures seems to be a conclusion very 
fairly deducibie from what we now know of their 
probable structure. 

But, secondly, apart from the information r ffbrdod hy 
the spectroscope respecting the materialH of -^yhlch the 
Stars are composed, the nature of the stellar spectra 
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serves to prove most conclusively that the stars, besides’ 
supplying light to the worlds which circle around them, 
radiate heat also to them. Even if we were not cer- 
tain that elements which are only vaporised at a ve?y 
high temperature exist in the vaporous envelopes of 
the stars, yet the very nature of the light sent out by 
the stars indicates that these orbs are incandescent 
through intensity of heat. When we find that the 
spectrum of a planet’s light resembles the solar spec- 
trum, we do not indeed conclude that the planet is as 
intensely heated as the sun, because we know that the 
planets are not self-luminous. But in the case of self- 
luminous bodies like the stars, we can conclude from 
the very nature of their spectra that these orbs are in- 
tensely heated. Of course we are rendered absolutely 
certain of this when we find that iron and other metals 
exist in the form of vapour in the stellar atmospheres. 

The vast supplies of heat thus emitted by the stars 
not only suggest the conclusion that there must be 
wcijclds around these orbs for which those heat-supplies 
are intended, but point to the existence in those 
worlds of the various forms of force into which heat 
may be transmuted. We know that the sun’s teat 
poured upon our earth is stored up in vegetable 
and animal forms of life; is present in all the phe- 
nomena of nature — iu winds, and clouds, and rain, 
in thunder and lightning, storm and hail; and that 
^ven the works of man are performed by virtue of the^ 
solar heat-supplies. Thus the fact that the stars send 
forth heat to the worlds which circle around them^ 
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^sifggests at once the thought that on those worlds 
there must exist vegetable axid animal forms of life ; 
that natural phenomena, such as we are familiar with 
ajs due to the solar heat, must be produced in those 
worMs by the heat of their central sun; and that 
works such as those which man undertakes on earth 
— ^works in which intelligent creatures use Nature’s 
powers to master Nature to their purposes — must 
go on in the worlds which circle around Aldebaran 
and Betelgeux, around Vega, Capella, and the blazing 
Sirius. 

Eecently it has even been found possible to 
the stellar heat sensible to terrestrial observation, by 
methods which need not here be inquired into. Nay, 
the task of measuring the amount of heat received 
from certain stars has not been thought too difficult. 
Mr. Stone, making use of the powers of the great 
equatorial of the Grreenwich Observatory, and inge- 
niously overcoming the numerous difficulties which 
exist in a research of such exceeding delicacy, ^as 
arrived at the conclusion that Arcturus sends us about 
as much heat as would be received from a three-inch 
cube full of boHing water, and placed at a distance 
of yards. Vega, which shines, according to 
Sir J. Herscheh^ with about two-thirds the light of 
Arcturus, gives rmt about the same proportionate 
amount of heat.* But in other instances the heat- 

* Althougli these results cannot yet be regarded as numi*jric*'dly 
it may be interesting to consider the amount of heat'gftW ml' hy 
Arcturus in relation to the light sent us by this star, the more so as 
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giving power of a star b^s not been found proportional? 
to the amount of light it emits. 

The variation of many fixed stars in lustre at once 

forms a new bond of association between the stars 

0 

and the sun — which we have seen to be in reality a 
variable star — and suggests interesting inquiries as 
to the existence of variation in the emission of heat. 
Some of the stellar variations of light are so much 
more marked than those noticed in the case of our 
own sun that we can scarcely conceive how creatures 
resembling any with which we are acquainted could 
endure the effects of corresponding important varia- 
tions of heat ; nay, in some instances we seem com- 
pelled to withhold our beKef in the existence of habit- 
able systems around certain fixed stars. The star 
Eta Argfis, for example, which sometimes blazes out 
with a light surpassing that of any of the stars in the 
northern hemisphere, while at other times it falls to 
the sixth magnitude, can hardly be regarded as fit to 
be the centre of a system of worlds. I pass over such 
variable stars as the one which recently blazed out in 

this star seems (from the nature of its spectrum) to resemble the sun 
very closely in constitution 

The light sent to ns by Arcturus is eq^ual to about three-fourths of that 
supplied by Alpha Centauri, or about ^i,uou, 000.000 part of the light we re- 
ceive from the sun. Now Mr Stone estimates,,tiie direct heating effect 
of Arcturus at 0®*00,000,127 Fahrenheit, making due allowance for the 
effect of the object-glass in concentrating' and absorbing the heat. It 
will be seen at once that, according to this estimate, the heating power 
'*of Returns bears a very much greater proportion to that of the 
than the ffespective light-giving powers of these luminaries bear to each, 
other. This seems to throw some doubt on the correctness of the esti- 
mate, either of the light-giving or of the heat-giving power of the star 
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l^e JSortlierii Crown, becatiso ir a case of this sort the 
star may be regarded as really a small orb, and its 
Sudden lustre as due to some exceptional occurrence, 
Iq^dmg (as the spectrum of the star seemed to show) 
to a ^ temporary conflagration. But Eta Argfls and 
Mira C^eti seem to belong to a different category alto- 
gether, since it is probable as respects the former, and 
certain as respects the latter, that their appearance as 
stars of the leading magnitudes is not accidental, but 
part of a systematic series of changes. 

It remains only to be mentioned that, besid*'iii lig^t 
and heat, the stars emit actinic rays. This is j*ro t cd 
decisively by the fact that the stars can be made to 
photograph themselves. It has been found, however, 
that the actinic pov^er of a star, like heat-giving 
power, is not by any means proportional to the star’s 
light. So that in this respect, as in the material 
constitution of the stars, we find specific varieties even 
amid those very feaitures which indicate most strikingly 
the general resemblance which exists between the su-'is 
constituting the sidereal system. 

To sum up what we have learned so far from the 
study of the starry heavens we see that, besides our 
sun,/tihere are myriads of other suns in the immensity 
of space ; that th^se suns are large and massive bodies, 
capable of swa}ing by their attraction systems jof 
worlds as important as those which circle around the 
^un ; that these suns are formed of elements shnilaf tc^ 
those which constitute our own sun, so that thS worlds 
which circle round them may be regarded as in all 
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probability similar in constitution to this earth ; ai^d ^ 
that from those suns all the forms of force which we 
know to be necessary to the existence of organised 
beings on our earth are abundantly emitted. Is it 
not reasonable to conclude that these suns have not 

ifj 

been made in vain ? If thoughtful men have reasoned 
rightly in supposing that the light and heat poured out 
by the sun upon the planets which circle around him 
are not wasted — in the case of all the planets except our 
small earth — by being shed where no forms of life can 
profit by those abundant supplies, surely the argument 
is a'^llionfold stronger in the case of the fixed stars. 
Though here we cannot, as in the case of the solar 
system, actually see the worlds about which we specu- 
late, yet the^ mind presents theiri clearly before us, 
various in size, various in structure, infinitely various 
in their physical condition and habitudes, but alike in 
this, that each is peopled by creatures perfectly adapted 
to the circumstances surrounding them, and that each 
exhibits in the clearest and most striking manner the 
wisdom and beneficence of the Almighty. 
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CHAPTER XL 

or MINOR STARS, AND OF THE DISTRIBUTION 
OF STARS IN SPACE. 

It has been so long a receiTed opinion that a general 
Tiniformity of magnitude and distribution characterises 
the stellar system that it is with some diflidence I 
venture to express a different view. And here let me 
not be misunderstocd. I am fully sensible that it is 
only in certain popular treatises of a '•trimomy that a 
belief in anything like a real uniformity of structure 
in the sidereal system is attributed to astronomers of 
authority. It is not any such imaginary theory that 
I have now to deal with, however 5 but with opinions 
which have found a place in the works of astronomer 
from whom I very unwillingly differ. 

I propose to exhibit the reasons which have led me 
to believe that, so far from knowing the real figure oi* 
the sfdereal system, astronomers have not been able to 
penetrate to its limits in any direction; that leading 
stars, such as those discussed in the preceding chapter, 
are distributed throughout space to the very fj^rthest 
iimits and beyond the very farthest limitt^ t|iat ciur 
most powerful telescopes can attain to ; that the ^tars 
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are arranged in gfouj)3 and clustering aggregation*:, j t., 
streams and whorls and spirals, in a manner altogether' 
too com|^‘ex for us to hope to interpret; and that in 
these aggregations stars of all degrees of real magni- 
tude are mixed up, from suns as large as Sirirs down 
to orbs which may be smaller than any of the primary 
planets of the solar system. 

Now let us consider step by step the evidence we 
have on these points. 

We know, from the existence of double, triple, and 
multiple stars, in which the components are often very 
uno(|Tial in splendour, that combinations of stars exist 
in which one or two may be suns like our own, while 
the rest, or some of the rest, ate relatively minute. 
This, howc i or, lias of course long' been known ; and it 
is only as a preliminary step in the investigation that 
I here advance so trite an instance. 

Next let us consider such star- clusters as contain 
orbs of the eighth or ninth magnitude, besides a mul- 
titude of minute stars. These clusters must of course 
be- regarded as lying within the sidereal system, since 
no external galaxies could reasonably be supposed to 
contain orbs so infinitely transcending even Sirius in 
magnitude as to shine from beyond the enormous gap 
separating us from such galaxies with a light cy!eeed- 
ing that derived from many stars iKlthin the sidereal 
system. Now, regarding these clusters as forming 
and parcel of the sidereal system, we find in the 
fciustenipe of multitudes of minute orbs within their 
range a proof that diversity of magnitude in schemes 
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of o associated stars is to be regarded as a feature of 
certain parts, at any rate, of our galaxy ; and we shall 
therefore be the less surprised if we should find reason 
for believing that it is a characteristic 'peculiarity of 
the galactic system. 

Now with regard to the nebulae (resolvable and ir- 
resolvable), and their claim to be regarded as external 
galaxies, I shall have much to say farther on ; but I 
may remark in passing, that we have precisely the 
same reason for believing that many of these objects 
lie within the range of the solar system as have been 
already considered in the case of star-clusters. Their 
component stars, to be visible at all, must fall within 
the range of distance which astronomers have assigned 
to the boundaries of^he galaxy, since some stars even 
within that range cease to be separately visible in the 
most powerful telescopes man has yet constructed. So 
that when in these objects we see a few or many dis- 
tinct stars, and a mass of nebulous light which we judge 
to proceed from an indefinitely large number of minute 
stars, we again have very decided evidence of the fact 
that in one and the same region of the sidereal system 
there may exist leading stars (so to speak) and innu- 
merable stars relatively minute. 

With considerations such as these (and I might add 
many others) to gfiide us, let us proceed to consider 
the teachings of the Milky Way itself, that we may 
see whether that wonderful zone indeed represents, as« 
has been thought, the sidereal system itself, <or only 
an aggregation of minute orbs altogether insignificant. 
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separately, in comparis<5U./vitli our sun or Sirius, * 
baran Oi^ Bctelgeux, Vega or Arcturus. 

The -gauging of Sir W. Herschel, interpreted 
according to his hypothesis of stellar distributioi^ 
pointed to an extension of the Milky Way late]fially 
to a distance exceeding some eighty times that which 
separates us from the first-magnitude stars. So that, 
regarding sixth-magnitude stars as on the average 
about ten times as far from us as those of the first 
magnitude (the usual estimate), we see that the outer- 
most^ parts of the galaxy must lie (according to Sir 
W. llex^schers theory) about eight times as far from 
us as the sphere of the sixth-magnitude stars. Now 
Sir John Herschel was led by his observations of the 
southern hcayens to so far modify his father’s theory 
as to describe the Milky Way as probably shaped like 
a flat ring, the stars down to the tenth magnitude 
being in a sense dissociated from the ring, while he 
regarded the probable distance of the outermost limits 
ftri,the ring as 750 times instead of but 80 times the 
mean distance of the first-magnitude stars. This 
difference of opinion, it may be remarked, though 
obviously not surprising when we consider the enor- 
mous diflSculty of the problem presented by the s^jireal 
system, is yet suflSicient to indicate the probability 
that an important error has beeil nmde in the hypo- 
thesis which underlies the accepted theories respecting 
tibe galaxy* But, be this as it may, in regarding the^ 
Siiiky Way as shaped like a flat ring (cloven through- 
one half of its circumference) whose medial section 



OTHER WORLDS THAN OURS. 


252 

r 

^ resembles generally the spa<je between the dark con- 
centric circles in the accompanying figure (in which 



Fig. 2. — The Q-alaotio Cloven Flat Ring (plan). 

SB equals eight times SA), I have not adopted a 
structure which exaggerates the diflSculties presented 



Pig 3 — The G-alactic CloTen Plat Emg (section) 


by the disc or ring theory of the Milky Way. The 
^cross-section would be somewhat as shown in fig. 3. « 
Now, accepting this modified figure, as bbtter ac- 
cording with the results of star-gauging than Sir W. 


MINOR STARS. * 


2S3 

Herschel’s theo3jr ?ftat the Milky Way forms a cloven, 
disc, let* consider whether any peculiarities of the 
Milky Wf*,/ seem to oppose themselves to this interpre- 
tation of its structure. 

In the first place, then, there is a gap or rift ei 
tending right across the single part of the Milky Way 
in the constellation Argo ; so that we must conceive 
that from S towards 1, in fig. 2, the flat ring is broken 
through by some such rift as is indicated by the broken 
lines in that direction. Next there is, in the constella- 
tion Crux, a pear-shaped vacuity of considerable size, 
and bounded by well-defined edges ; so that we must 
conceive that from S towards 2 (fig. 2) the flat ring 
is tunnelled through by some such passage as is indi- 
cated by the dotted lines in that direction. A similar 
tunnelling, but of different cross-section, must exist in 
direction S 3 (as shown by the dotted lines) to account 
for the dark gap in the constellation Cygnus. Next, 
where the Milky Way is double, a large portion of one 
branch is discontinuous, so that the upper part of the 
double portion of the ring in fig. 2 must be supposed 
removed between the broken lines from S to 4 and 5. 
Over the so-called double stream there are in places 
strange convolutions, in others numerous branching 
and interlacing streams, whose complexity indeed 
defies description ; so that the portion 3 B 2 of the 
ring must be supposed corrugated in the strangest 
^way, and further to throw out plane and curved sheets 
presented tangentially towards S. Lastly, 
the single portion of the Milky Way is very faint indeed 
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towards 6, so that here we ^mnst ^conceive its figure 
trenched in upon in the way indicated by the dot-and- 
peck line. ® 

Thus, even without considering a multitude of mi- 
nuter peculiarities of structure, we are led to the con- 
clusion that the Milky Way, judged according to the 



Fig. 4 — The Galactic Flat Emg, modified in accordance with the 
obfaerved peculiarities of the Milky Way. 

fundamental hypothesis of Sir W. Herschel, has some 
such shape as I have endeavoured to exhibit in the 
accompanying figure. Although I have not indicated 
here the corrugations of the ring, nor a tithe of the 
various overlapping layers which would be required to 
account for the appearance of the Milky Way between 
Centaurus and Ophiuchus, yet the deduced figure is by 
no means invitin*^ in its simplicity. It is, however, 
absolutely certain that the sidereal system, as far as its 
more densely aggregated star-regions are concerned^ 
has some such figure as this, if we are to ac^sept *the 
principle of Sir W. HerschePs star-gaugings. 
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Now^ in turning our thoughts to the recognition •ofr 
a more simple explanation of observed appearances, it 
will be w^ll that we should consider some peculiarities 
of the Milky Way which we have not yet attended to. 
In the first place, I would invite attention to a pecu- 
liarity observed by Sir John Herschel in difierent 
parts of the galaxy — ^the fact, namely, that in places 
the edge of the Milky Way is quite sharply defined. 
One half of a telescopic field of view may be quite 
clear of stars, or show only a few straggling orbs, 
while the other half presents what has been called a 
^ Milky Way field’ — that is, a region profusely sprinkled 
with stars, the boundary between the two portions 
being well defined. When we see that a cluster of 
objects presents a well-defined what conclusion 
do we draw as to the position of the object? Is it not 
in such a case absolutely certain that the distance of 
the cluster enormously exceeds the distance between 
its component parts — or, in other words, that the 
observer is far outside the cluster ? Many instances 
will at once suggest themselves to the reader in illus- 
tration of this remark. 

We conclude, then, that these portions of the Milky 
Way, at any rate, whether they be regarded as j^^ojec- 
tions or nodules, are definite clur^tering aggregations 
very far removed from us. Otheir parts of the Milky 
W^ay Widy also be removed bodily, so to speak, to 
• enormtos distances, because a cluster which has not 
a defirfte edge may be a« far removed as one which 
has ; but certainly those portions are. 
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• .Next let Tis consider whaj opinion we may found 
on the existence of dark regions in the Milky Way ; 
and here I refer not merely to such large arid obvious 
vacuities as the coal-sack in Crux or the oval opening 
in Cygnus, but also to small openings, in which, though 
they occur even in rich regions of the Milky Way, 
there is not, according to Sir W. Herschel’s descrip- 
tion, even a telescopic star to be seen. 

Judged apart from preconceived opinions, such open- 
ings as these, according to all laws of probability, 
indicate that the portion of the Milky Way in which 
they occur has not a very great lateral extension. To 
return for a moment to fig, 2, it will be seen at once that 
an aperture extending laterally through a star system 
so shaped must have a particular direction and be 
perfectly straight in order to be visible to observers 
placed, as we are supposed to be, in the central opening. 
It is altogether improbable that one such opening 
should exist by accident, and absolutely impossible 
that many should,* We are forced therefore to infer 
that, instead of the enormous lateral extension assigned 
to the Milky Way, the galaxy has in these places 
certainly, and elsewhere probably, a lateral extension 
not gyeatly exceeding its depth. 

It is further to be noted, that the lucid stars over 

•• 

^ Sir J ohn Herseliel has distinctly indicated this inferonco, as ho has 
many other matters which make strongly against the received theoiy of 
the sidereal system. Nor is he unconscious of their bearing. Appare^itly* 
unwilling at present to press them to their full extent, ho is commonly 
satisfied by noting that they do not seem to accord with views ho h as 
elsewhere dwelt upon. 
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that zone of the heavens which is occupied by the " 
galaxy show a very decided preference for the parts 
of that zohe which are actually traversed by the Milky 
Way. For instance, we find no stars above the fifth 
magnitude, and very few of these, in the Coal-sackg, or 
in the rift which crosses the Milky Way in Argo, or, 
again, in the space which lies between the two branches 
where the Milky W ay is double. If this is an accident, 
it is a very extraordinary one, especially when it is 
remembered that the region where it occurs is the very 
part of the heavens where stars of all magnitudes may 
be expected to be most profusely distributed ; that the 
spaces thus left vacant form no inconsiderable aliquot 
part of that zone ; and that, according to the accepted 
theory, there is no reason for expecting any peculiarity 
of the sort. 

Thus, again, setting aside preconceived opinions, 
and judging only according to the evidence, we seem 
led to regard the coincidence as not accidental, but as 
indicating that there really is a very close association 
between the bright stars and those small stars forming 
the milky light, which, according to the accepted 
theory, would lie so many times farther from us.* 

Now, if we have not been mistaken so far, it is very 
clear what views we are to form. Tf the Milky Way 

* I may add that, in drawing the maps for my new star-atlas, I have 
been very much surprised to find how in many cases the position, nay 
t^e very shape, of the Milky Way is indicated by the lucid stars which , 
fall on its jjjone Although my own views had led me to look for a 
peculiarity of the sort, it has been much more striking in its character 
than I had expected. 


8 
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•is«to he^j^rsty a clustering aggregation separated front 
us by an interval comparatively clear of small stars ; 
secondlt/y so shaped that the cross-section of the stream 
is everywhere not far from a roughly circular figure ; 
md^Jhirdly, associated very closely with the bright 
stars seen in the same field of view, then must its 
structure be somewhat as shown in fig. 5, in which 
the discs represent lucid stars (very much exagge- 
rated of course in size), while the fine dotting repre- 



Fig. 5. — The Milky Way regarded as a Spiral. 


sents the spiral of relatively minute stars, clustering 
along the spiral group of leading stars. It will be 
seen at once hoWs to an observer placed at S, the 
various features of the Milky Way can be accounted 
for by this figure^ Towards a would lie the gap in 
Argo ; towards 5 iwo branches, one faint, and in part 
evanescent through enormity of distance, the other 
forming the brightest part of the spiral ; towards d 
the projection in Cepheus; towards e the laint part 
of the Milky Way in Gemini and Monooeros. The 
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Coal-sacks would be si|nply accounted for by con-® 
ceiving that branches seen towards the same general . 
directionj'but at different distances, do not lie in the 
same general plane, and so may appear to interlace 
upon the heavens. We are not only justified imsup- 
posing this, but forced to do so by the way in which 
the stream of milky light is observed to meander on its 
course athwart the heavens. The branching exten- 
sions serve very well to account for the appearance of 
the Milky Way between Centaurus and Ophiuchus, 
where the interlacing branches and the strange con- 
volutions and clustering aggregations described by 
Sir John Herschel are chiefly gathered. 

I would not have it understood, however, that I at 
all insist ou the general shape of the spiral shown 
in fig. 5. On the contrary, that curve is only one 
out of several which might fairly account for the 
observed appearance of the Milky Way; and I have 
often felt inclined to doubt, whether a single spiral of 
this sort be in reality the best way of accounting for 
the observed appearance of the galactic zone. What 
I do insist upon as most obviously forced upon us 
by the evidence is, that (1) the apparent streams 
formed by the Milky Way upon the heavens indi- 
cate the existence of real streams m space ; and (2) 
that the lucid stars seen on the stream are really 
associated with the telescopic stars which form, so to 
gpeak, the body of the stream. Whether that stream . 
form a single spiral or several, or whether^ instead of 
spirals^ there may not be a number of dosed rings of 
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ti^nall stars, placed at differed distajices from us, a7irl 
lying in all directions round tke medial pin ’<? of the 
galaxy, lut more or less tilted to that plane {the .mn not 
lyjwg within any one of the rings), are questions which 
cai. only be resolved by the systematic scrutiny of 
this wonderful zone. 

The chief points to be noticed among the considera- 
tions flowing from these general views are these : — 

In the first place, the only marked difference be- 
tween the stars of the leading magnitudes (say the 
first ten) lying in the galactic zone, and those lying 
without it, consists in the fact that the former are 
associated with countless multitudes of smaller stars, 
while the latter appear not to have such attendants, or 
not so many of them. ' We shall see presently that the 
extra-galactic stars are associated, and in a very in- 
timate manner, with groups of very minute stars — of 
stars so minute indeed as not to be separately discern- 
ible, — so that astronomers have been led to regard such 
groups as external galaxies. But, except in one regie*?* 
we do not find outside the galactic zone any ap* dur- 
ances reminding us of the aspect of the Milky 
Way itself. In that region lie the two Magellanic 
resembling the Milky Way in their general 
appearance, but seen when placed under telescopic 
scrutiny to differ from it in this, that among the minute 
stars which cause the milky light are numbers of 
nebulae, of classes not found commonly, if at all, in 
galactic zone. ' 

In the second place, we must conclude that uncounted 
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millions of which are very minute indec*.'^ ii-. 

comparison with those vhich we have been led to 
regard suns. That these relatively minute orbs 
may be absolutely large — ^far larger^ for instance ^ 
our own earth — may indeed be accepted as 0^1, ui. 
But it is difficult to believe that they subserve pur- 
poses similar to those of our own sun. One cannot 
but see that orbs such as these would not have that 
permanence of character, as sources of heat-supply, 
which would seem to be necessary in the case of a real 
sun. We know, indeed, that among the small stars 
of the Milky Way there is a proneness to irregular 
variation which is not recognised, or is altogether ex- 
ceptional, among the lucid stars. In the neighbour- 
hood of the Milky Way, with scarcely an exception, 
those temporary stars have blazed out which have 
formed a subject of such perplexity to the thoughtful 
astronomer. Under what conditions the small orbs in 
the Milky Way actually exist, whether clusters of them 
^ill eventually segregate from their neighbours to 
form suns, or whether, after long voyaging in spiral and 
contorted paths under the varying influences of the 
attractions of leading stars, these minute orbs will, for 
the most part, be forced to settle down as attendants 
round the major ones, it is as yet altogether impo^ible 
to judge. It may be that they 'l)ear the same sort 
of relation to the leading stars that certain cometic and 
nr^'tboiic families, referred to in chapter IX., bear to 
ihf* msgo! planets of the solar system, not being in any 
case absolutely dependent on any large star, but yet 
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returning in cycles which p;iust be measured by 
millions of seons^ to temporary dependence on one sun 
after another, until in the course of time, mider the 
action of processes somewhat resembling those I have 
concaved to take place in the formation of tlie solar 
system, the conditions under which they move will 
have become so far altered as to lead to tlie breaking 
up of the Milky Way into distinct systems. Indeed, 
as Sir William Herschel was led by other considera- 
tions long since to point out, there are signs in parts 
of the Milky Way which would seem to indicate that 
several such systems have already reached an advanced 
stage of development. 

But perhaps the most impoi'tant conclusion de- 
ducible from the circumstances I have ^ dwelt upon 
(assuming my interpretation of them to be in the main 
correct) is this, that we can no longer suppose we 
have in any direction pierced to the limits of the 
sidereal system. So long as a general approach to 
uniformity of distribution was understood to prevail 
within that system, there was a ready means of deter- 
mining when the telescopist had reached in any given 
direction the limits of the system. To use the words 
of Prpfessor Nichol, " When an eye is directed towards 
a prolonged bed of stars, there is no reason to fancy 
that it has reached the termination of that stratum so 
long as there appears behind the luminaries which are 
individually seen any milky or nebulous light; siysh*- 
light probably arising always from the blendSd rays 
of remoter masses. But if, after struggling long with 
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a nebulous grouial, wt obtain a telescope that gives jiis. 
addition *•*1 light with a f^irfectly Mack sky, we then have 
every ic.^on the circumstances can furnish on behalf 
of the supposition that at length we have pierced 
through the stratum, a probability, indeed, which can 
be converted into certainty in only one way — viz. 
when no increase of orbs follows on the application of 
a still lart^er instrument.’ * Sir J ohn Herschel has ex- 
pressed a similar view, and there can, indeed, be no 
doubt that, adopting the fundamental hypothesis on 
which accepted views are founded, the test above 
described is an absolutely certain one. 

But if, instead of penetrating farther and farther 
into space when ^struggling l<mg with a nebulous 
ground’ (to jar, 0 Professor Nichols striking but some- 
what incorrect expression), we have in reality only been 
searching with more and*more minuteness within a 
definite cluster or stream of stars, we can no longer 
come to the conclusion he has insisted upon. We 
Imve reached the limits of minuteness which the stars 
of the cluster or stream attain to we have learned per- 
haps all that we can learn about that cluster or stream ; 
but we can no more be said to have reached the limits of 
the sidereal system in that direction than we can l^e said 
to have reached the outermost bounds of the universe 
in the direction of the cluster in Semxles, when that 
magnificent object has been thoroughly resolved with 
telescope* 

Hetc, thl^n, if I have seemed to narrow the limits of 
the sidereal Si heme by bringing the star-myriads of the 
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^ Milky Way, which had been ^regarSed as many times 
farther from ns than the lucid stars, into direct associa- 
tion with these luminaries, I make amends hy pointing 
out that in all probability the limits of the sidereal 
system lie far beyond the range of the most powerful 
telescopes man has yet constructed. In fact, there is 
hereasomewhat singular interchange of position between 
the new and the accepted theories. According to the 
views usually accepted, the small stars in the Milky 
Way are really as large, on the average, as the lucid 
stars, whereas, according to my views, they are rela- 
tively minute. But according to the accepted theories, 
the scattered stars of very low magnitudes in the extra- 
galactic heavens must be regarded as relatively minute, 
since it has been rendered cex'tain, according to those 
theories, that the limits of the sidereal system are rela- 
tively close in this direction, and we cannot suppose 
these stars to lie beyond those limits (as they must do, 
if really large). Now, according to my views, there is 
nothing to prevent these minute stars from including 
among their number orbs as vast as Sirius, or many 
times vaster. Nay, even within the galactic /ouf 
itself there are stars to which my theory giv^s as 
noble proportions as the accepted views. For in ifie 
southern Coal-sack there are minute telescopic stars, as 
'Sir John Hersche? tells us, and these orbs, according 
to the accepted views, must be regarded as belonging 
to the galactic circle, though inexplicably segregatedo 
from their fellows. According to the views"^I have 
been led to form, many of these telescopic stars must 
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be regarded as suns ly^ng far beyond the galactic^ 
spiral, or perhaps associated with outer whorls of this 
spiral which no telescope made by man can ever 
reveal to us. 

And this leads me to consider two phenomena v^’liich 
are altogether inexplicable, I conceive, on any theory 
except mine. 

The first is the existence of excessively faint streams 
of light — star-streams doubtless, though the components 
are not separately visible — in certain regions of the 
heavens. Sir John Herschel,who detected this strange 
phenomenon, speaks of the streams as so very faint 
that the idea of illusion has continually arisen subse- 
quently ; yet he dwells far too clearly on the charac- 
tenstics of tjie phenomenon for any doubt to remain 
as to its reality. The faintest possible stippling of the 
field of view — the minute points of light being obviously 
there, though it was impossible to see them individually 
— a mottling which moved with the stars as he moved 
tl^ tube to and fro, such are the terms in which Sir 
John Herschel speaks of this interesting phenomenon. 

Xow no doubt w’'hatever can exist, that if these faint 
really belong to the sidereal system, they are 
left altt>gether unaccounted for by the ordinary yiews 
respecting the structure of that sysi^em. There is no 
continuity between the stars composing them and even 
the minutest telescopic stars visible in the same general 
<^lirjotion ; so that a vast void must separate them from^ 
the outermost of those telescopic stars. According to 
my theory, they simply belong to outlying whorls of 
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^tlte spiral galaxy , and the toloscopic stars seen upon 
them bear the same relation to them that tlio. lucid stars 
bear to the Milky Way. 

^ The second point is perhaps even more striking. In 
certain directions Sir John Herschel recognised the 
existence of two or more distinctly marked classes of 
stars, as though, he says, definite sets of stars, sepa- 
rated by comparatively void intervals, lay in those 
directions. It is clear that this association of the 
stars into sets is as distinctly opposed to the views 
ordinarily accepted as it is obviously an arrangement 
to be expected according to my theory of the constitu- 
tion of the sidereal system. 

Quite early in consideration of the subject I am 
now upon, the idea suggested itself to m«e that in the 
proper motions of the stars we have a means of forming 
an estimate of the distances of these orbs ; and, further, 
of detecting any laws associating them together, 
whether into streams or clusters ; and that the evidence 
thus obtained was likely to be in many respects mere 
trustworthy than that afforded by the apparent magni- 
tudes of the stars. Two processes of inquiry suggested 
themselves. The first consisted in a careful compa^son , 
of the mean motions of stars of different apparent size, 
in order to determine whether, on the average, small 
stars are so far off that we can look upon them as in 
reality no smaller on the average than those which , ^ 
^appear larger. The second consisted in charting dqwii 
the proper motions, so as to detect any signs"' of stai"- 
drift which might haply appear in different parts of the 
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heavens. I confess that J[ had not by any means ex- • 
pected results so strikingly confirmatory of my views 
as those I*actually obtained. 

The first method of inquiry, instead of giving an 

average amount of proper motion to the smaller stars 

somewhat, or perhaps even considerably, greater than 

was to be expected, according to the theory which sets 

these stars at an enormous distance, actually gave 

them a mean motion equal to that of stars of the first 

three magnitudes. It became evident, then, that not 

only are small stars (I am here speaking of stars visible 

to the naked eye) mixed up as I had thought with 

bright stars visible in the same general direction, but 

that distance is less available to exivlain the smallness 

^ * 

of the stars even than I had supposed. I had thought 
that certainly a large proportion of the small st^rs must 
in reality be very far from us ; but it appeared that 
the proportion of stars whose smallness is so to be 
accounted for is in reality exceedingly minute. There 
mi#st therefore be myriads of really small stars for 
every leading orb. 

The second method of research led to the strange 
re»ii(|t that in many parts of the heavens a community 
of motion, can be recognised, among star-groupj far 
larger in extent than I had expected to find thus 
drifting through space. Knowing that whatever view 
we form of the sidereal universe, we must yet recognise 
the /act that in every direction stars at very different ^ 
distance# must be visible, I had not hoped to find over 
any large region of space the traces of a community of 
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motion. Nor even in small^ regions had I hoped to 
recognise very decided traces of star-drift^ because I 
was conscious that even with three or Tour stars 
really forming a drifting group, there would nearly 
always be found three or four others, either much 
farther off or much nearer, and altogether dissociated 
from the drifting set. Indeed, I imagined, when I 
began the inquiry, that the most remarkable instance 
of star-drift in the heavens was that detected (though 
differently explained) by Baron Madler in the con- 
stellation Taurus. 

I found, however, that in other regions a far more 
obvious tendency to drift can be recognised. Perhaps 
the most remarkable instance of all is that illustrated in 
the accompanying plate. This picture represents the 
motions in the constellations Cancer and Gemini. It will 
be noticed that though here and there stars apparently 
not belonging to the system appear in the same range 
of view, yet the star-drift is unmistakable. The general 
parallelism of motion is very striking; and the dif’" 
ferences in the amount of motion observed in different 
stars is only what was to be expected in a star-group 
whose range in distance, if equivalent to its lateral 
ext^t, must be such as fuUy to account for the range 
in the amount of apparent motion. 

Fig. 6 exhibits one out of many parts of the heavens 
in which different sets of stars are observed to be 
drifting in different ways. - . ' 

It will be seen that here there are three scf^.0 — Hum 
included in the space a, those in space i, and those 
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left unenclosed, wfiicli are very obviously drifting, 
each in special direction. The stars within the space 
b are '^ 8 , s, and ? of the Greater Bear, with three 
smaller stars. Their drift is, I think, most signidcant , * 1 
in truth the parallelism and equality of motion ar( ly 00 
regarded as accidental, the coincidence is one of r c -jst 





ji’ig, (j. — Obbciveil Ibroppr Motions of Stars in Ursa Major and 
Koiglibourhood, 

remarkable character. But such an interpretation can 
hardly be looked upon as admissiblt-rwhen we icmem- 
ber that the peculiarity is only one of a series oi 
iU^nccs, some of which are scarcely less strilbig 
of these is presented in the accompanying figure, 
in which the proper motions in the stars o, and y 
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Arietisa and four other stars in fcho'i‘?ighbourh ^ are 
exhibited,’^ 

Here )8 and 7 may b«^ ^*egarded as dr'iV.tig .ufch a, 
but having a motion ot their own in addition, suiiicing 
£0 account for the want of strict parallelism between 
their apparent motion and that of a. The other stars 
seem obviously to belong to the same system. 


06 



Fig 7 — Observed iQoper Motions of Stars in Head of Aries. 

I am led by the facts which have here been briefly 
considered rather to urge those who have time and 
inclination to inquire carefully into the minuter details 
of the sidereal heavens than to insist on any views of 
my own. While I recognise the wisdom and necessity 
of that course which the Herschels adopted in taking 
a wide view of the sidereal system, and in dealing 
rather with general results than with special | 
liarhies, I think the time has come when another 
course is possible>and advisable. The Herschels hav- 
ing surveyed the field of heaven, it behoves us now to 
go over it with a close and searching scrutiny^ To 

* In alL these figures the proper motion indicated by of 

the arrow attached to a star corresponds to the star’s motion m 36,000 
years. 
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consider averages now is to level the scarcely percep- 
tible nn'’ Illations in onr fi!eld of research, as well as liit 
better ma ked ridges or depressions ; whereas we re- 
quire on ' the contrary to exaggerate the variations 
of level, so that we may determine with more cer- 
tainty what are the peculiarities presented by that 
most interesting field to man’s contemplation. Or, 
to change the illustration, and to quote the words 
of the greatest living master of that kind of research 
which I have been advocating, ^We must not be 
deterred from dwelling consecutively and closely on 
these speculative views by any idea of their hopeless- 
ness which the objectors against paper astronomy” 
may entertain, or by the real slenderness of the material 
threads out of which any connected theory of the uni- 
verse has (at present) to be woven. Hypotheses Jingo ” 
in this stage of our knowledge is quite as good a motto 
as Newton’s ^^Non fingo ^^ — provided always they be not 
hypotheses as to modes of physical action for which 
experience gives no warrant.’ * 

* From a letter addressed by Sir J, Herschel to the present writer, 
August 1, 1869. 
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CHAPTEE XIL 

THE nebulje: are they external galaxies? 

In the last chapter I have indicated reasons for be- 
lieving that the sidereal system extends far beyond 
the range of the most powerful telescopes man has 
yet been able to construct. It need hardly be said 
that, supposing this view to be correct, we cannot 
possibly see any exfernal galaxies, unless they surpass 
our own many thousands of times in richness and 
splendour. Every analogy that we have for our 
guidance points to the conclusion that, if our galaxy 
have limits, and there exist in space other galaxies, then 
those outer systems must be separated from ours ]^y 
spaces exceeding the dimensions of the several galaxies 
many thousand or many million fold in extent We 
know that the distances separating the satellites from 
their primaries exceed in an enormous ratio the dima^ 
sions of the satellites. The distances separating the 
planets from each other exceed in an enormous ratio 
the dimensions of the planets. The distances sepa^ 
rating our solar system from others enormously exo^J ' 
the dimensions of the various solar systems. "And we 
may conclude that in all probability the distances 
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separating our sidereal system from other similar 7 
systems in space, must ^exceed in an enormous ratio* 
the dimensions of our galaxy, and of all other such 
systems. 

That the sidereal system has limits I do not doubt. 
Of course it may be co-extensive with space that is 
absolutely infinite in extent ; but we have no reason 
for believing that in rising step by step, from system 
to system, until we have reached the highest class of 
system known to us, we have reached the real summit 
of that perhaps altogether limitless range of steps. 
We know, indeed, that if light do not suffer extinction 
in traversing space (and we have as yet no evidence 
that it does), the extent of the sidereal system must be 
limited, since otherwise the whol^ of the star-lit sky 
should shine with the brilliancy of sunlight.* And we 


* This IS, perhaps, obvious , but, if not, the following proof may be 
accepted — Let the whole of space be conceived divided into spherical 
shells, having our earth at their centre, the thickness of each shell being 
T Then taking two shells, one at a distance r, the other at a distance 
/ (both T and / much greater than r), we see that the number of stars 
in Jhese shells will be proportional to r and r'^r respectively , that is, 
will be independent of the thickness of the shell and vary as the square 
of its radius. (Here I am not concerned with those departures from uni- 
formity which I have considered in the last chapter, because I suppose 
each shell large enough to include within it all varieties of distribution 
r” j/ ' ^g regation This applies, also, to what follows ) Now the average 
apparent size of the stars of one shell will be to the average ap]gp,rcnt 
size of stars in the other m the inverse proportion of the respective radii 
of the shells, the intrinsic brightness of the %ht received from the 
stars of each set being equal. Thus the total amount of light from the 
stars of one shell is to the total amount of light from stars in the other, 


as : 1. Hence, supposing the amount of light 

received from one shell to be ^th part of that which would be received 


T 
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: mciy f'arry this argument oven -fa^jlhcr, For» ihough 
the 'sidereal system should hes^limited, but othe^sy ^i.oms 
similar to it spread throughout the infinit;^^tof ^pace, 
there would still result this ineffable hhzo of light, 
§urpjtssing the light of day as greatly as the vault of 
heaven surpasses the disc of the sun. And this again 
would be true, though this system of systems were 
limited in extent, but surrounded by similar systems 
of systems in the infinity of space. And so on, let 
the order of systems which finally becomes infinite in 
number be what it may. There is only one way to 
escape from this limitless series of system-orders — ^that 
is by accepting as true the hypothesis that light suffers 
extinction as it voyages through space. But it is 
worth noticing, wh«n we are actually dealing with the 
infinity of space, and when, therefore, liAitless concep- 
tions are not paradoxical, but in reality as available for 
our purposes as finite conceptions would be, that if we 
do adopt the belief in an infinite succession of orders 
of systems ; that is, first satellite-systems, then plane- 
tary systems, then star-systems, then systems of ^i;ar 


if tlie whole celestial sphere were as bright as the sun^s, that is as a 
star’s disc — Is being inconceivably large, the amount recem 'I from the 


other is also ith of this amount, and the total from all the 


therefore, be 4 i + 1 + 1 . 

h h ^ h 


- to infinity. 


Kow by taking Ic terms of this series (or h shells out of our infinity 
series of shells) we should get unity, that is, the whole heavens hgl^ted 
up with star-hght or sun-light. There would be a proporiion of star« in 
the same visual line and so hidiug each other; hut siiicc m ca^^k»i 
ZhyZTc, or infinity times 7c if need be, there can be no doubfc the wholi* 
heavens would be lighted up with solar brightness. 
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systems, tlien systems systems of star-systems, and 
so on infinity, and if we accept as true of this in- 
finite series what we know to he true of the part within 
our ken, viz. that the distance between the components 
forming any system is indefinitely great comparednwith 
the dimensions of those components, we no longer have 
as a conclusion that the whole heavens should be 
lighted up with stellar (that is with solar) splendour ; 
even though, in this view of the subject, there are in 
reality an infinite number of stars, just as in the view 
according to which the sidereal system extends without 
interruption to infinity.* 

* It is clear that we no longer get, as in the previous note, a series of 
equal small terms. If we take onr infinite series of shells as before, 

we get for the sidereal system n times ~ whe?e n is finite and therefore 

Jc 

^ finite. We must indeed assume ^ to be small, and so of other similar 
k k 

ratios presently to be dealt with. With respect to the system of systems 
we have these considerations to guide us, — any of the spherical shells 
within this system must supply to our skies an amount of light indefi- 
nitely less than one of the shells within the sidereal system itsdf, say 

part only, kf indefinitely large , but the number of shells falling 

within that system is very much greater, say n' times as great where 
is finite. Therefore we get for the total amoimt of light coming jfrom 

the system of systems a quantity proportional to and so for the 
system of system of systems we get a quantity proportional ^ 

where is indefinitely large, very large, .^d for each successive 
order we get a multiplier of the form where k is indefinitely large 

and N very large indeed. Suppose - to be the largest of all these multi- 

pI?Er*i» then the total amount of light received jSrom the infinite system * 
of systems iS proportional to less than 

T 2 
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But whether we adopt this or an;f other of the 
Way in which external system^ aiv, arraTir»e*1/rtJiiS at 
any rate is certain, that if the stars at parts 

of our own sidereal system be beyond the ken of our 
mosii powerful instruments — and I have shown that 
there are strong reasons for this conclusion — then the 

(m which V is supposed to he less than /c), t e to less than ^ a 

finite quantity, which will even he minute if Is and k are severally much 
greater than n and v. 

This particular mode of escaping from the difficulty suggested by the 
illumination of the heavens, without adopting the theory that light 
suffers extinction in its passage through space, occurred to me while I 
was preparing a series of papers entitled A New Theory of the Universe, 
which appeared in the ‘Student^ in the spring of 1869, and I there 
exhibit the consideration? just dealt with. I was much pleased to find 
from a letter of Sir John SOj^jnchel’s, that the same idea had suggested 
itself to him ; as I was If A& Encouraged to believe that X had not gone 
very far astray m the wholfe senes of papers, whereof the matter m ques- 
tion had seemed to me the most speculative portion The following are 
the words in which Sir John Hersehel, writing in ignorance of my having 
adopted the same view, expresses the ideas above dealt with. * One of 
the arguments advanced in favour of the spatial extinction of light was 
that, if there is not such extinction, the whole heavens ought to bo one 
blaze of solar light— admitting the universe to be infinite, because ’t #as 
contended that there could then be no direction in space in which^he 
visual ray would not encounter a star {i e, a sun). This argmisrtt Is 
fallacious, for it is easy to imagine a constitution of a universe literally 
infinite which would allow of any amount of such directions c I i ‘.otta 
tion as twt to encounter a star Granting that it consists r' iiis 
subdividKi according to the law that every higher order of 1* 
shouifi; be immensely more distant from the centre than those ui‘ Luo nexi 
inferior order — thw W^d happen Thus, in our own, the moon is veiy 
near the earth, *11 elhtes to their primanes These primaries are 
immensely more dj.^tdnt from the sun, their centre, the fixed stars 
again still more immensely more remote from the sun. Suppose cur 
*i|ystem to terminate with the visible fixed stars ; then imagine a system 
of such systems as remote from each other, in comparison vnth 
dimmsionSf as the distance of the fixed stars m compansQn with the 
planetary system ; such systems seen from each other would subtend 
no greater angle than a star seen from the sun — and so on.' 
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component sun^ ot ^xt^rnal galaxies cannot by pay 
possib^ *\v be visible. So that, according to this view, 
all reso]^.^ble nebulse, at least, must be dismissed from 
the category of external galaxies. Nor will it be 
thought probable that irresolvable nebulae are external 
galaxies, if once that view of the extent of the sidereal 
system is adopted. 

But there are independent considerations on which 
I prefer now to dwell, for believing that all the nebulae 
belong to the sidereal system. 

It will hardly be necessary, let me remark in pass- 
ing, for me to point out how this matter is associated 
with the subject of other worlds. It is true that when 
once it is admitted that there are external galaxies, it 
may be looked on as a matter of small importance (so 
far as the subject of this treatise is concerned) whether 
we can actually see those galaxies or not. I am not, 
for instance, in the same position as Dr. Whewell, 
who assigned to the nebulae what I take to be their 
tjroe place in the universe, with the express object of 
overthrowing the belief that there exist other galaxies 
" as vairt as the sidereal or vaster, thronged with suns 
are severally the centres of planetary systems, 
within which again are worlds as well suited to the 

abode of life as this earth on whidi we dwell. But, 

^ . . . 

though my purpose is different firota his, it is eq[ually 
necessary that I should insist on the true position of 
l^e nebulae. Because, if these objects form indeed part 
of the •sidereal system, the relations they present are 
of extreme importance. They exhibit to us within the 
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tbcpnds of our galaxy systems altog^her different from 
the solar system, and thus suggest ideas of othe^-y ast.cs 
of worlds peopled with their own peculiar for^is of life, 
as distinct perchance even in their general character- 
islics^from any found amid the systems circling round 
stars, as the forms of life in Venus or in Mars must be 
in their special characteristics from those existing on 
our own earth. 

Freed from those analogies which led the elder 
Herschel to regard the stellar nebulae — ^resolvable and 
irresolvable * — as external star-systems, let us consider 
the relations presented by these and other nebulae, 
without reference to preconceived opinions. 

We must first pay attention to one of the most 
striking of the discSveries which the spectroscope has 
yet enabled man to make — ^the discovery that certain 
nebulas are gaseous. It is necessary to consider this 
significant discovery, rather than those which were the 
first to exhibit the real place of the nebulae in our 
scheme, because we shall thus be able to divide tljp 
nebulae at once into two great classes, instead of being 
led to this arrangement by following out the history of 
those long processes of research by which the two - 
great^orders of nebulae were long since separated frS‘ ^ 
each other under the piercing scrutiny of Sir William 
Herschel. ^ 

The reader will see how the spectroscope could at 

^ * B7 irresolvable stellar nebulse, I mean those nebul??' which, thojig^ 
not resolvable into stars, yet present the characteristic festnyes whSi 
lead astronomers to believe that only increase of telescopic power is 
needed in order to effect resolution. 
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once r^olve a question^which ordinary observations • 
would bt but powerless to deal with. The nebulae 
being self-luminous^ the nature of the matter which is 
the source of their light would be shown by the cha- 
racter of the spectrum, as distinctly as though ^that 
matter were actually present in the laboratory of the 
spectroscopist. 

Mr. Huggins thus describes the observation which 
first revealed the true nature of certain orders of the 
nebulas. The object under examination was a nebula in 
Draco, belonging to the class of planetary nebulae. 

^ On August 19, 1864, 1 directed the telescope armed 
with the spectrum apparatus to this nebula. At first 
I suspected some derangement of the instrument had 
taken place, for no spectrum was seen, but only a short 
line of light perpendicular to the direction of dispersion 
(that is, to what would in the case of solar light be 
the length of the spectrum). I then found that the 
light of this nebula, unlike any other ex-terrestrial 
light which had yet been subjected by me to prismatic 
analysis, was not composed of light of different re- 
frangibilities, and therefore could not form a spectrum. 
c-4r^at part of the light from this nebula is mono- 
chromatic, and after passing through the prisms regains 
concentrated in a bright line, occupyyjig the position of 
that part of the spectrum to which its light corresponds 
in reffangibility. A more careful exandnation, how- 
evT©^, showed that — a little more refrangible than the 
bright line, and separated from it by a dark interval — 
a narrower and much fainter line occurs. Beyond 
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tSls, again, at about threu fche distance.v.f the 

jsecond line, a third exceedingly faint Ihie;' hh &cen. 
The positions of these lines in the spectrum were 
determined by a simultaneous comparison of them in 
the Inurnment, with the spectrum of the induction 
spark taken between electrodes of magnesium. The 
strongest line coincides in position with the brightest 
of the air-lines. This line is due to nitrogen.’ , . . 
* The faintest of the lines of the nebula agrees in posi- 
tion with a line of hydrogen.’ The other bright line 
was not found to correspond with a known line of any 
terrestrial element. Besides the bright lines, an ex- 
ceedingly faint spe(?trum was just perceived for a short 
distance on both si^es of the group of bright lines. 
Mr. Huggins suspected that this was not*uniform, but 
crossed with dark spaces. Subsequent observations 
on other nebulas* induced him Ho regard this faint 
spectrum as due to the solid or liquid matter of the 
nucleus, and as quite distinct from the bright lines 

* One of the most interesting of Mr. Huggins’s researches intc^ the 
subject of the light of nebulae, is his attempt to determine its intrinsic 
bnlliancy. By comparing the light of certain gaseous nebulae vtl+h 
of a sperm candle (of the size called six to the pound), he /buiid Uri 
these objects, assumed to be continuous, shine with a light 
intniij|ic brilliancy from the l,f500th to the 20,000th of that ..r 'h a 
candle. By a stran'^e misconception, Mr. Lockyer, in discussing Mr. 
Huggins’s result, ppeaics of the comparison as though it related to the 
absolute brightness of the nebulae, saying that ‘ such a candle a quarter 
of a mile off is 20,000 times more brilliant than the nebula.’ Mr 
Ji.iggins’s result is wholly distinct from this, and much more imfortatJfc. 
rt His comparison relates to the intrinsic luminosity of the r.cituhic^Siillb- 
stanee, not to the quantity of light received from the noMae (The 
distance of the candle in Mr. Huggins’s observations is not cojsldei'cd 
m the result ; it was a mere matter of convenience.) 
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into wMch ne^a“^ the wVle of the light from iV 
nohula s concentrated." 

Thu*^ j^olved a problem which had^ for the best 
part of a eentury, perplexed astronomers. There wos 
not, indeed, a full answer to all the question'- of in- 
^ terest associated with the problem. But it had been 
laid down by Sir William Herschel, as a legitimate 
conclusion from observation, that certain orders of the 
nebulae are gaseous, and astronomers had ranged them- 
selves for and against this proposition. Telescopic 
improvements had seemed at length to turn the scale 
in favour of those who held Sir William Herschel to 
have been mistaken. Already the problem had seemed 
all but definitively settled. Arid then in a moment this 
observation^by Mr. Huggins had reversed the whole 
matter. It was now established beyond all possibility of 
future question, that, on the main point, the greatest of 
modern astronomers had been altogether in the right. 

The orders of nebulas which give a spectrum of 
^j'ight lines, would seem from Mr. Huggins’s observa- 
tions to be (i.) the planetary nebulae, (ii.) the ring 
j^ebulce, (iii.) the irregular nebulae. The spiral nebulae 
. for the most part, to give a continuous spectrum, 

btif#ome of these objects give the bright line sp^trum 
indicative of gaseity. The order| of nebula^ which 
give a continuous spectrum appear to be the follow- 
ing: — (i.) star groups, (ii.) clusters, regular and irre- 
gular, and (iii.) easily resolvable nebulae. Of the irre- 
*3oivabre nebulae a large proportion seem to be gaseous.* 

* The following classification of nebulae in this respect, by Lore? 
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^ Here, then, we find the nebulae r^ged into two im- 
portant divisions, apparently separated by a /^stinct 
line of demarcation. Yet one is tempted m inquire 
whether these divisions may not in reality run into 
each other, by the fact that among nebulae of certain 
orders are objects belonging to both divisions. And 
the fact that, beneath the bright-line spectrum of the 
gaseous nebulae, a faint continuous spectrum may be 
seen, seems also to point in the same direction. We 
know that, so far as the telescopic appearance of the 
nebulae is concerned, there is very striking evidence of 
a gradual progression from clusters to irresolvable 
nebulae, and, therefore, we are led to inquire, whether 
the spectroscope conveys a similar lesson ? 

Now this questioif could only be answered satisfac- 
torily by the observation of a series of nebulae having 
spectra progressively varying, from bright lines on an 
almost invisible continuous spectrum to a continuous 
spectrum with the same bright lines superposed on it, but 

Oxmantown, is mterestiDg as indicating the results of observations made 
•with so powerful an instrument as the great Parsonstown telescope (the 
6-feet reflector). 

Continuous Gaseous 

Spectrum Spectrum 


Clusters 10 0 

^ Certainly or probably resolved? . , 5 0 

Certainly or probably resolvable ? . 10 6 

Blue, or green, %o resolvabihty . , 0 4 

Ko resolvability detected ... 6 5 

Total observed . . .31 15 


Sodding nebulae not observed at Parsonstown, there are in all^41 wMch 
exhibited a continuous spectrum, and 19 which gave a spectrum indica- 
tive of gaseity. 
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almost imperceptibE:?, because their brightness so littk; 
exceeded that of the continuous spectrum* We have 
not evideix:*e of such completeness. But Lieutenant 
Hersclici has observed in the southern heavens a clus- 
tering nebula with a continuous spectrum, on wl/hXi 
he could just detect the three bright lines seen mi the 
spectra of the gaseous nebulse. And, so far as this 
evidence extends, the conclusion is obvious, that the 
various orders of nebulae are orders of but a single 
family. It will be seen presently that this conclusion, 
which is strikingly corroborated by other evidence, 
has a very important bearing on the views we are to 
form respecting the relations between the nebulae and 
the sidereal system. 

The first process by which we roust attempt to form 
a correct estimate of the nebular system, corresponds 
to Sir Wniiam HerscheFs process of star-gauging. 
We must inquire according to what general laws the 
nebulae are spread over the vault of heaven. 

.Wow when this is done, it appears that there is a 
well-marked peculiarity in the arrangement of the 
nebplae-^ a peculiarity as striking as the existence of the 
galactic circle itself. The nehulce seem to withdraw 
^ Hhemsel&es fnm the neighbourhood of the galaxy.^ In 
the northern heavens they cluster very definitely to- 
wards the pole of the galaxy ; in the southern they are 
arranged in streams and clustering aggregations, but 
the galaxy itseM' is, in either case, left almost clear o£ 
'n6bula|. • 

If this peculiarity is accidental, the coincidence 
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involved is most remarkable. Ha^ there been a zone 
of nebulae, and that zone had shown a tendency to 
coincidence with the Milky Way, the relation would 
have been held strikingly indicative of a real associ- 
atioijL between the nebular and the sidereal systems. 
But is the direct converse of this relation more 
likely to be the effect of chance? Have not observers 
and experimenters concluded (in every other similar 
instance), that a law of contrast is as indicative of a 
real connection as a law of association? It is sur- 
prising, therefore, that nearly all astronomers who 
have considered the relation in question have regarded 
it as affording strong evidence that the nebular system 
is wholly dissociated from the sidereal. 

Next let us turn to special feature^,. In the first 
place, let us inquire whether the dififerent orders of 
nebulae exhibit any peculiarities of arrangement. 

We find that clusters exhibit a very marked prefer- 
ence for the neighbourhood of the Milky Way; resolv- 
able nebulae seem to prefer the galactic zone, but p,ot 
in so decided a manner ; and it is only among the irre- 
solvable nebulae that we recognise that withdrawal from 
the Milky Way which had seemed characteristic of the 
who^e nebular system, before we considered its several 
orders. The fact that the irresolvable nebulae form 
about four-fifths *of the total number will account for 
the circumstance that a peculiarity really appertaining 
to that order alone should appear to belong to the 
whole system of nebulae. • 

Again, the planetarv and irregular nebulae are found 
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to affect tliO n^njW4>ar!iood of the Milky Way. I ha've 
alread}^ mo'itioned that objects are gaseous. 

It to see whal general conclusions may be 

deduced from the peculiarities here touched upon. Ob- 
viously the first shows us most distinctly that there is'^a 
relation between propinquity to the Milky Way^aiJi? the 
character of nebulae as respects resolvability — a relation 
which points in the most decisive manner to the exist- 
ence of a close association between the sidereal system 
of which the Milky Way certainly forms part, and the 
nebular system from which clusters and resolvable 
nebulae cannot reasonably be separated. It is equally 
obvious that the second peculiarity indicates the exist- 
ence of a close association between the Milky Way 
and the dhafacter of the nebulae* respects gaseity ; a 
relation wldeh brings all the gaseous nebulse into close 
association with the sidereal system, since we know that 
among the extra-galactic nebulae there are many which 
are principally formed of the very same gases which 
appear in the irregular and planetary nebulae. When 
consider that those peculiarities of configuration and 
of constitution which have alike seemed to indicate 
that the various orders of nebulae merge into each 
by indefinable gradations, are both associated in 
a very ^distinct manner with the most marked ^^u- 
liarity of the sidereal system, and T^on to this we add 
what has been already suggested by the relation of 
contrast between the irresolvable nebulse and the Mij.ky 
tV^y> thb conclusion seems forcibly impressed upon'* 
us that the nebular and the sidereal systems are but 
different parts of one single scheme. 
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^ But I pass on to other evidence, Independent of what 

has hitherto been adduced, and pointing witlf equal 
force to the same conclusion. ^ 

In the northern heavens it is not very easy to exhibit 
&y general law of arrangement associating the nebulae 
and the fixed stars. For reasons which yet remain to 
be detected, there are in fact many marked points of 
difference between the whole character of the heavens 
on the northern and on the southern side of the galactic 
zone. But even in the northern heavens one peculi- 
arity has been remarked, which is well worthy of 
careful consideration. Sir William Herschel, while 
prosecuting his series of researches among stars and 
nebulas, was struck by the circumstance that, after 
sweeping over a p^H; of the heavens which was un- 
usually barren, he commonly met with nebulse; in- 
somuch that it was his practice at such times to call 
to his assistant (his sister. Miss Caroline Herschel) to 
^prepare for nebulse.’ This peculiarity was noticed 
also by Sir John Herschel. ^ 

Now what are we to understand by such a relation 
as this ? Can we suppose that, owing to some strange 
accident external galaxies have been placed al way's^ 
opposite the barest regions of the sidereal system ? Or, 
setting aside such a notion as obviously incredible, are 
we to imagine thal;, when searching over those barren 
regions, the astronomer has a better chance of detecting 
nebulae than where stars are more richly strewn, be- 
* cause the sky is less filled with glare ? We forced 
to dismiss this notion, that the barren regions of the 
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hea^/MiS are tli-iS in •». 'nanner the spy-holes of tj[ie^ 
side! "^stem^ by the *ict (presently, and for another 
purpose, '.0 be dwelt on more at length) that in the 
Magelhtnic clouds, where stars of all magnitudes are 
richly strewn, nebulae, even down to the very faintest 
orders, are more abundant than in any other region of 
the heavens. We have, then, no other conclusion to 
form, but that the association thus observed between 
starless regions and richness of nebular distribution, 
indicates a very close relation indeed between stars and 
nebulae ; that, in fact, the nebulce in a sense represent 
the missing stars ; that the region where those nelulce 
appear has heen drained of star-material^ so to speah^ 
in order to form them. 

In the southern heavens yet cfearer proofs exist of 
an association between the stellar and nebular systems. 
We do not recognise in the northern skies any well- 
marked star-streams. In the southern skies, however, 
such streams have been recognised from the earliest 
The constellations Hydra and Eridanus, the 
two streams from the Water-can of Aquarius, and the 
band between the two fishes,* indicate how clearly the 
ancients traced certain well-marked star-streams. The 
mourns have traced the extension of some of t^ese 
streams in the constellations Grus, Hydra, Eefciculum, 
&c., into the near neighbourhood of \he southern pole. 
Now, the nebulae in the southern heavens exhibit a 
well-marked tendency to aggregate into streams. So 

* Pk<ies is not a southern constellation, yet it is south of the 

galacUe dMe, to which 1 am for the moment referring the constellations. 
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in this mere resemblance b^ween the general 
characteristics of the stellar aiSd nebular systemsdfn the 
southern heavens^ we have a somewhat remarkable 
evidence of association. But when we consider the 
disposition of the two sets of streams — the stellar and 
the nebular — this evidence is very much strength- 
ened. There is found to be a well-marked corre- 
spondence between the nebular and stellar streams^ not 
merely as respects general position, but even in minute 
details — the nebular streams following the windings of 
the stellar ones. Such a relation would be very re- 
markablCj even were it observed but in a single instance. 
Since, however, all the well-marked star-streams in 
the southern heavens are associated with well-marked 
nebular streams, nofdoubt can remain that the relation 
is not a mere coincidence, but indicates ^ real associa- 
tion between the nebular and stellar systems. 

But yet more striking evidence remains to be con- 
sidered. 

In the southern heavens there are two strange 

O 

clouds of milky light, which have long been known 1^ 
sailors as the Magellanic Clouds, but are commonly 
called by astronomers the jtfubeculae. Each of these 
objects, when examined with the telescope, is ft>und 
to hi constituted, like the Milky "Way, of multitudes 
of small stars. ^But, unlike the Milky Way, the 
Jfubeculae contain within their bounds many nebulae 
of all orders. In fact, each of the Nubeculae is at 
once a star-cluster and a cluster of nebulae. o 

a 

Now, there can be no doubt whatever that the as- 
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sooiation here is iy)t accidental, that we do not by 
some'Ntrange chance se^ a great star-clnster in the"’ 
same direction as a much more distant and much 
vaster cluster of external galaxies. Nor again can 
there be any doubt that the generally circular figure 
of each Nubecula indicates a general approach ib the 
spherical form in the case of each cluster. The pro- 
bability that by some strange accident a cluster of 
cylindrical shape* might be so placed as to exhibit to 
us a circular figure is exceedingly small; but the 
chance that two such clusters should be presented in 
so exceptional a manner may be regarded as evanes- 
cent. We are compelled, then, to believe that within 
the limits of spheres so placed as to subtend a small 
angle to the eye, stars of all magnitudes between the 
seventh and “^he twelfth inclusive are mixed up with 
nebulae of all degrees of resolvability. ^ Taking the 
apparent semi-diameter of the Nubecula Major at three 
degrees,’ says Sir John Herschel, ^ and regarding its 
solid form as, roughly speaking, spherical, its nearest 
and most remote parts differ in their distance from us 
by a little more than a tenth part of our distance from 
its centre.’ ‘ It must therefore be taken as a demon- 
strated fact,’ he adds presently, Hhat stars of the 
seventh and eighth magnitude and irresolvable nebulas 
may co-exist within limits of distance not differing in 
proportion more than as nine to ten.’ This demon- 
strated fact of Sir John Herschel’s is the very fact to 

* ’br, more correctly, a cluster shaped like a long frustum, of a gigantic 
cone. 

U 
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which I had been led by other con^derations^ the fact^ 
namely, that the nebulas are a9ot external galaxi#<f, but 
intimately associated with the sidereal system of which 
in fact they form part and parcel. Dr. Whewell, ac- 
cepting Sir John HerschePs reasoning as conclusive 
on tKe point, adopted the same view. Yet Sir John 
Herschel him self seems, immediately after establishing 
this noteworthy conclusion, to have been prepared to 
abandon it, at least as a demonstrated fact, since he 
says of it only that ^ it must inspire some degree of 
caution in admitting as certain ’ facts directly opposed 
to it. It must not be forgotten, however, that to the 
clear vision of this great astronomer the association 
between nebulae and fixed stars had presented itself as 
a demonstrated faci#; that even in the latest editions 
of his noble work on astronomy, he has nftt altered the 
words in which he has spoken of that association ; and 
that so able a reasoner as Dr. Whewell has chosen 
rather to accept what Herschel has spoken of as a 
demonstrated fact, than to adopt that measure of cau- 
tion which Herschel subsequently advocated. * 

Lastly, and perhaps most strikingly of all, the asso- 
ciation between stars and nebulae is indicated by the 
obvious connection between the figure of the irregular 
nebutae and the arrangement of the star-groups seen 
in the same field ^f view. There is not one of the 
irregular nebulae which does not exhibit this peculiarity 
in the most striking manner. This may be asserted 
• even of those nebulae with respect to which Sir John 
Herschel has remarked that the arrangement may be. 
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and ^obably is, pi®rely accidental. His own pictuises* 
prove ^in the most convincing manner that no such 
explanatican can be accepted. Were the peculiarity 
confined to the feature Herschel limits his attention to, 
one might adopt his explanation. The mere aggrega- 
tion of a large number of stars on the very heart of a 
nebula might be an accident. The fact, for instance, 
that the great irregular nebula surrounding the star Eta 
Argus, agrees exactly in position with the greatest 
condensation of the wonderfully rich portion of the 
Milky Way on which that surprising variable lies, 
might be a mere coincidence, though in any case it 
would be a strange one. But when one examines the 
structure of this and similar nebulm, and finds that the 
stars are arranged in a manner most obviously related 
to the arrangement of the nebular condensations (or 
folds as one may almost say), one cannot doubt that a 
real and intimate bond of association exists between 
the stars and the nebulous masses around them. If 
the extension of the milky light of the great Orion 
nebula to the star in the sword, which is centrally 
involved in strong nebulosity, to s in the belt, which 
is similarly involved, and to several other stars in the 
constellation ^11 alike in being regions of incrgased 
nebular condensation, be a mere accidental coincidence, 
then the laws of probability had better be forgotten as 
soon as possible, for, as, at present understood, they 
can only serve to lead men astray. 

In thep accompanying Plate is given a picture of the 
nebula. Messier 17, as observed with Lassell’s four-feet 
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•refiector at Malta. I have seiocit'cl IL as alToj'dinL a 
very striking instance of tko particular form ol ^dSo- 
ciation I have just been dealing with. o can, I 
tljink, refuse to recognise the fact, that the system of 
stars, shown in this drawing is not accidentally seen 
projected on a distant galaxy, but forms part and parcel 
of the nebula itself. 

It will be noticed, as respects the two proofs on 
which I have last dwelt, that they seem directly 
opposed to those which I first quoted. One cannot 
argue, it might be urged, that the nebulae are asso- 
ciated with the sidereal system because they are least 
numerous where there are most stars, and vice versa \ 
while at the same time one draws the same conclusion 
from the aggregation of the nebulae in streams or 
clusters where there are streams and clusters of stars, 
or from $he fact that stars are seen actually mixed 
up with nebulous matter. At first sight this objection 
seems just ; but, on consideration, it will be found that, 
in reality, the two seemingly contrary lines of ar-^u- 
ment bear in the same direction* When we fiud tiio 
nebulae gathered where stars are wanting, and vice versa, 
we conclude that there is some reason for this pecu- 
liarity, and that that reason must involve some sort of 
association between the nebulae and the stars ; we see 
further, that the relation is accounted for if we suppose 
that, in these cases, either the formation of nebulae has 
. drained a region of material from which single stars 
would otherwise have been formed, or vice versa. Why, 
in a particular region, the formation of nebulae should 
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be e^ouraged, whiie the formation of stars should he 
checEed, we cannot say f nor can we account for the* 
contrary peculiarity in another region; but we feel 
certain that some cause mtist exist for both relations, 
because the results are too marked to be the result 
of accident. Now in the case where we find* both 
stars and nebulae abundant in particular parts of the 
heavens, we feel equally certain that the result is not 
accidental. Even though there were not here, as in 
the former case, the evidence of a clearing of star- 
material from certain regions, we could not doubt that 
the association of stars and nebulae was real and not 
apparent. But in reality there is kercy precisely as in 
the former case, a gathering together of stellar matter 
into certain regions. The very texistence of such a 
stream as Endanus or Hydra, and of such a cluster as 
the greater or lesser Magellanic Cloud,implies the action 
of such a process of segregation. A stream would not 
be recognisable if it were not bounded by relatively 
bare regions. Clusters like the Nubeculse might be 
visible even on a rich sky, and were the sidereal hea- 
vens richly strewed with stars round these objects I 
should be disposed to admit that there was a difficulty 
in i3y theory. But what is the fact ? Not only is each 
of the Nubeculse placed in a region obviousl;f bare 
of lucid stars, but Sir John Hefschel, speaking of 
the telescopic aspect of the neighbourhood of these 
mysterious clusters, dwells again and again on its 
poVertj^ miserably poor and barren region,’ he* 
says of one field near the Nubeculje. ^ The access to 
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the Nubeculse/ he says elsewhere/ ision all sides througli 
a deserV What evidence c<flild more clearly ^oint 
to the fact that these great clusters are gathered out 
from a vast region of space ? Their internal structure 
te^iches us how such a process of segregation lends to 
the birth of nebulas^ as well as stars. The whole 
history of the sidereal system is indeed taught us in 
the Magellanic Clouds and the great streams of inter- 
mixed stars and nebulas which flow towards them as 
rivers towards some mighty lake. We see the wonder- 
working forces of gravitation extending their influences 
throughout vast regions of space^, gathering in the mate- 
rials spread throughout that space, here forming stars, 
there nebula, changing the element of distance into 
various forms of for^e— heat and light, electricity and 
magnetism — and finally (though in what special way we 
are as yet xmable to perceive) making the orbs which , 
it has formed the seats of Kfe, or subservient, more or 
less directly, to the wants of living creatures. 
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CHAPTER XIIL 

SUPERVISIOir AND CONTROL. 

It has been cnstomary, in treatises on the plurality of 
worlds^ to discuss the religious difficulties which seem 
to suggest themselves when man regards the universe 
around him as thronged with worlds, each peopled with 
millions of living creatures, and many perchance the 
abode of intelligent and therefore responsible beings. 
Accustomed, to regard himself as in a special manner 
the object of God’s care and solicitude, it is not without 
a sense of pain that he is brought to contemplate the 
possibility that other creatures may exist in uncounted 
jnillions whom God regards with infinite love and 
interest. ^ If this be so,’ asks Whewell, ^ how shall 
the earth and men, its inhabitants, annihilated as it 
were by the magnitude of the known universe, 
conlinue to be anything in the regard of Him who 
embraces all? Least of all, how shall men contmue to 
receive that special, preserving, providential, judicial, 
personal care, which religion implies ; and without the 
belief in which, any man who has religious thoughts 
must be disturbed and unhappy, desolate and for- 
saken ? ’ 
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^ 1 do notj however, feel by anj^ means invi^ to 
consider ^ the religious difiSculty ’ by the success which 
has attended the efforts made by others to T^move it. 
I find that while, on the one hand, the thoughtful and 
conscientious men who have in a special manner con- 
sidered the difficulty have been (in relation at least to 
revealed religion) at issue amongst each other, their 
views have not, on the other hand, been found accept- 
able even by a few amongst their readers. I doubt 
almost, when I judge from the comments which have 
been made on this part of the works of Chalmers, 
Whewell, Brewster, and others, whether a single 
reader of those works has found the religious views of 
any one of their authors congenial with his own. 

It is specially no'ceworthy that even where, as in 
the case of Brewster and Chalmers, two writers adopt 
the same view of the general question of other 
worlds, they yet hold altogether different views as 
to the bearing of that question upon the subject of 
religion. 

It is very doubtful, therefore, whether it is a wise 
thing, whether it is conducive to the purpose of any 
one thus conscientiously discussing the religious a^ect 
of our question, to present his own personal views 
on the subject of revealed religion. If I thought 
otherwise, I should not shrink from the task of indi- 
cating the sufficiently definite views which I entertain 
myself upon this subject. But I apprehend that, apart 
from the consideration that the reader must be wholly 
indifferent about them, my indicating them would have 
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an ^ect the very reverse of that which I should 
desire.* ^ 

Merely remarking, therefore, that in considering the 
infinity of God’s beneficence we must remember this 
quality of infinity, that it comprises many infinities'; I 
pass on to considerations which seem to fair more 
naturally within the province of the student of science. 

Tt is a peculiarity of the subject of other worlds 
than ours, that it suggests, more strikingly than any 
other, certain difficulties in connection with the con- 
ceptions we are to form as to the supervision and 
control exercised by the Creator over His works.' We 
feel that if we are to believe, as we must believe, in 
an infinitely powerful and wise God, we must not 
merely regard all the worlds which people space as 
objects of his regard, but every event, however seem- 
ingly insignificant, occurring in any, even the least 
important of His worlds, as an essential part of the 
plan according to which all things were created from 
^the beginning. 

But here already — such is the nature of the subject 


* Where Bacon has selected to be silent, few can without presumption 
venture to lay down their opinions as of weight in matters connected 
with revealed religion The argument which follows may not ^ideed be 
acceptable to many, but few will doubt the wisdom of the conclusion to 
which he comes. ‘ If we were disposed,* ho Skys, *to survey tho realm 
of sacred or inspired theology, we must quit the small vessel of human 
reason, and put ourselves on board the ship of the Church, which alone 
possesses the Divine needle for justly shaping the course Nor will the 
stars of philosophy, that have hitherto principally lent their light, be of 
farther service to us , and th&irefore %t were not zmjpro^er to be silent wpon 
the sithjecV — Advanceinent of Learning, Book IX. 
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I am to deal witt — I have been forced to use ^rms 
which have really no propei^ application to tjm Al- 
mighty and His works. I have spoken of tl^ creation 
of all things^ whereas, in the sense in which men can 
alone interpret such words, we cannot reasonably con- 
ceive* that there ever was a creation; and I have 
spoken of the beginning, whereas we cannot conceive 
that there ever was a beginning in the sense implied.* 

Let us consider definitely (even though we must be 
unable to conceive clearly or at all), the infinities we 
have to deal with. 

We know that space must be infinite. If the region 
amid which stars and nebulae are scattered with so 
great profusion be limited, if beyond lies on all sides a 
vast void, or if, instead, there be material bounds en- 
closing the universe of worlds on every hand, yet 
where are the limits of void or bound ? Infinity of 
space, occupied or unoccupied, there must undoubtedly 
be. Of this infinity it has been finely said, that its 
centre is everywhere, its boundary nowhere. Now^ 
whether within this infinity of space there be an in- 
finity of matter, is a question which we cannot so cer- 
tainly answer. Only, if we were to accept this as 
certain, that the proportion which unoccupied bears 
to occupied space cannot be infinitely great — a view 
which at least seems reasonable and probable — then it 
would follow that matter as well as space must be 

* To prerent any possibility of my meaning being misinterpreted bw*e, 

I point out that I have been obliged myself to use the terms dlT which I 
speak as inexact. 
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infinite, since any^ finite proportion of infinity must 
itseli ^also be infinite. So that regarding occupied 
space as /fthe realm over which the Almighty’s control 
is exercised, and over which his supervision extends, 
we find just reason for looking upon that realm as 910 
less infinite than the infinity of space in which, it is 
contained. 

Time also must undoubtedly be infinite- If the 
portion of time which has hitherto been, or which will 
hereafter be, occupied with the occurrence of events (of 
whatever sort) were preceded and will be followed by 
a vast void interval, yet there can be neither beginning 
nor end to either of those bounding voids. Infinity of 
time, occupied or unoccupied, there must undoubtedly 
be. And though it is not possible for us to know cer- 
tainly that there has been no beginning, or that there 
will be no end to that portion of time which is occu- 
pied with the occurrence of events (of whatever sort) 
‘yet it appears so unreasonable to conceive that unoccu- 
^lied time bears an infinitely great proportion to occu- 
pied time, that we seem forced to the conclusion that 
occupied time is infinite — or, more definitely, that there 
has been no beginning and will be no end to the se- 
quence of events throughout the infinitely extended 
realm of the Almighty. ® 

And thus we are forced to belfeve in the infinite 
wisdom and the infinite power of God ; since to conceive 
of limits to the wisdom and power of Him whose realm 
is Infinite in extent and in duration, is obviously to" 
conclude that the Ruler is infinitely incompetent to 
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rule over His kingdom ; for there rcan be no rektion 
between the finite and the infinite save the relation of 
infinite disproportion. 

Now although the conception of God as a spirit — 
omnipresent, eternal, omnipotent, and omniscient — is 
altogether beyond the powers of man’s imagination, 
yet we may consider certain relations between the way 
in which He views the universe and the modes in 
we men consider the various matters falling either 
under our supervision and partial control, or of which 
we can in any way or to any extent become cognisant. 

Senses such as we have we can no more attribute 
to God than we can assign to Him hands and feet. 
Nor can we conceive in what way a spirit, as He is, is 
cognisant of materiahprocesses which we only recognise 
through their material effects. Yet, as we do not 
doubt that God is cognisant of the actual state of the 
universe at any moment, we cannot doubt that He is 
cognisant of all those processes by which our senses 
can be affected. And clearly. He not only recognise^ 
all these processes in such sort that He may be said to 
see what we see, to hear what we hear, and so on ; but 
effects which, though related to vision, hearing, or the 
like, are infinitely too minute to be appreciated by our 
senses, must be as obvious to God as the light of day 
or the roar of thunder to ourselves. 

But before considering the nature of God’s super- 
vision of His universe, we may proceed a step farther. 
"The senses we possess are sufficient to indicate to'' us 
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lUe ^)(>s&ible er*''te'n<io fienses not merely far more^ 
acute, ^but of a ’afferent kind. By the sense 

of to^cb.,*foj’ instance, we can indeed recognise the 
feeling i heat ; but it is easy to conceive of a sense 
(analogous to that by which light 'is made to teach tis 
of the aspect of external objects) enabling men to 
judge of the figure, substance, internal structure, and 
other qualities of an object, by the action of the heat- 
waves proceeding from it. Or again electricity might, 
instead either of light or of heat, be the means of com- 
municating intelligence as to the qualities of objects. 
We can conceive also of a sense bearing the same 
analogy to sight that the spectroscope bears to the 
telescope. And a hundred kinds of sense, or in other 
words, a hundred modes of receivfeig intelligence about 
what exists or is going on arounefus, might be readily 
conceived. Now we cannot doubt that the natural 
processes involved in every such mode of conveying 
impressions to material creatures, must be infinitely 
jnor^ obvious to God tiian we can possibly conceive 
them to be to material beings. 

Yet once more, we know that reason is able to range 
beyuiul the action of the senses. Man is able to assure 
himself that events have happened which yec have 
produced no direct effect upon any of his sense, si By 
the exercise of reason he becomes^ as well assured of 
such events as though they had acttually passed before 
his eyes. We must assume that an analogous power, 
hiti in degree, infinitely rapid in its operation," 
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^nd infinite in the extent of space and time over ^ich 
it ranges, is possessed by the Jllmighty. 

And now let ns notice some of the concdusions to 
which these considerations tend, 

*Let ns first deal* with the teachings of that sense 
which is the most far-reaching ^ of all the facnlties 
given to man — the sense of sight. 

In a little treatise called ^ The Stars and the Earth/ 
pnblished anonymonsly several years since, some results 
of modem discoveries respecting light were dealt with 
in a very interesting manner. I propose to follow the 
path of thought indicated in that treatise, as a fitting 
introduction to wider conceptions of the supervision and 
control exercised by the Almighty over his universe. 

We know from Eomer’s researches, and even more 
surely from the phenomenon termed the aberration of 
the fixed stars, that light does not travel with infinite 
velocity. Its speed is indeed so enormous, that com- 
pared with every form of motion with which we are 
familiar, the velocity of light appears infinitely great.^ 
In a single second light traverses a space equal to 
eight times the circumference of the earth ; and there- 
fore in travelliug from any visible object on the earth 
to the eye of a terrestrial observer, light occupies a 


* Most persons, if aSked which sense comes next to sight in this 
respect, would answer hearing Yet towh — or rather fedvng — has a 
range far exceeding that of hearing, since we can feel the heat emitted 
hy the sun, Nor is it difficult to conceive of such an increase in the 
'“delicacy of the sense of touch, that even the minute amount of 
received from the fixed stars might be felt, and so the range of the sense 
extended many million fold. 
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space of time inde:|niteiy short. Yet even as regards 

such^bjects as these, light has occupied a real interval* 

* 

of time, however minute, in reaching the eye ; inso- 
much that we see objects not as they are at the 
moment we perceive them, but as they were the 
minutest fraction of a second before. 

Raising our eyes from the earth to regard the celes- 
tial objects, we find, in place of the indefinitely minute 
interval before considered, a really appreciable space 
of time occupied by light in carrying to us information 
as to the condition of those distant orbs. From the 
moon, light takes little more than a second and a 
quarter in reaching us, so that we obtain sufficiently 
early information of the condition of our satellite. 
But light occupies more than eight minutes in reach- 
ing us from^the sun, a longer or shorter interval in 
travelling to us from Mercury, Venus, and Mars, 
according to the position of these planets, from about 
thlriy-five to about fifty minutes in reaching us from 
Jupiter, about an hour and twenty minutes on the 
average in speeding across the great gap which separates 
us from Saturn, while we receive intelligence from 
Uranus and Neptune only after intervals respectively 
twic® and three times as great as that which licrht 
takes in reaching us from the ringed planet. 

Thus, if we could at any instant view the whole 
range of the solar system as distinctly as we see 
Jupiter or Mars when in opposition, the scene pre- 
sented to us would not indicate the reaLaspect of the 
solar system at that, or indeed at any definite instant. 



304 


OTHER WORLDS THAN OURS 


Precisely as a daily newspaper give^ us a later account 
of what is going on in London than of events happen- 
ing in the provinces^ of these than of events on the 
Continent^ and of these again than of occurrences 
taking place in America^ Asia, Africa, or Australasia, 
so the intelligence brought by light respecting the 
various members of the solar system belongs to dif- 
ferent epochs. And if man had powers of vision 
enabling him to watch what is taking place on the 
different planets of the solar system, it is clear that 
events of the utmost importance might have tran- 
spired — under his very eyes, so to speak — while yet he 
remained wholly unconscious of their recurrence. Or, 
to invert the illustration, if an observer on Neptune 
could see all that ^s taking place on the earth, he 
might remain for hours quite unconscious of an event 
important enough to affect the welfare of a whole 
continent, though that event should happen under his 
eyes, and his visual powers be such as I have sup- 
posed. We can imagine, for example, an observer on 
Neptune watching the battle of Waterloo from the 
early dawn until the hour when Napoleon’s heart was 
yet full of hope, and our great captain was watching 
with ever-growing anxiety, as charge after charge 
threa1:ened to destroy the squares on whose steadfast- 
ness depended tlo^ fate of a continent. We can con- 
ceive how full of interest that scene would have been 
to an intelligent Neptunian, and how eagerly he would 
have watched the manoeuvres of either army, and qjso, 
what neither army knew of, the approach of Blucher 
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witli his Prussians^ Yet, while our Neptuniau w^ul^ 




thus h|.ve traced the pl\)gress of the battle from 
distant wqfld, the conflict would in reality have been 
long since decided, the final charge of the British 
army accomphshed, the Imperial Guard destroyed, 
Napoleon fugitive, and the Prussians, who to the 
Neptunian would be seen still struggling through 
muddy' roads towards the field of battle, would be 
relentlessly pursuing the scattered army of France. 

It is, however, when we pass beyond the limits of 
the solar system that the non-contemporaneous nature 
of the scene presented to us becomes most striking. 
Here we have to deal not with seconds, minutes, or 
hours, but with years, decades, and centuries. From 
the nearest of the fixed stars light takes fully three 
years in travelling to the earth. Even the star 61 Cygni 
is so far from us that its light only reaches us in ten 
years. And, so far as observation has hitherto gone, it 
seems unlikely that, amid the whole host of heaven, 
there are so many as a hundred stars — lucid or tele- 
scopic — whose light reaches us in a shorter interval of 
time than twelve or fifteen years. Whatever views 
we form as to the arrangement of the sidereal scheme, 
whetner those usually accepted be held to be correct, 
or whether I have been right in adopting others,^there 
can be no doubt that, amongst the stars revealed to us 
by the telescope, there must be myriads which lie many 
times farther from us than the bright star in Centaurus 
and* the ^orb in Cygnus which have been found rela- 
tively so near to us. In fact, the views I have adopted 
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^respecting tlie wide range of magnitude amon^ the 
fixed stars, do not interfere iif the least with the theo- 
ries which have been formed as to the dis^nces from 
beyond which the light of some of the stars, only just 
Visible in powerful telescopes, must be supposed to 
reach us. On the contrary, one may conceive, accord- 
ing to my views, that some of these faintly seen orbs 
may be many times larger even than giant Sirius, in 
which case the distance of such stars would be many 
times greater than has been hitherto supposed. We 
may at any rate assume with confidence, that many 
stars only visible in powerful telescopes shine from 
beyond depths which light would occupy thousands of 
years in traversing. I cannot, indeed, go farther, as 
astronomers have hitherto done, and say that the 
nebulae must be regarded as external galaxies, and 
therefore as sending their light to us over spaces 
which light must take many times as long an interval 
in traversing as it does in travelling to us from the 
bounds of our own galaxy. But it would be to mis- 
interpret altogether the views which I have formed 
respecting the universe to suppose that I imagine 
those distant spaces which astronomers have hitherto 
filled with imaginary galaxies to be untenanted.^ On 
the contrary, I have no doubt whatever that galaxies, 
resembling our own, exist at distances infinitely ex- 
ceeding those at which astronomers have placed their 
most distant nebular universes, if even the bounds of 
our own galaxy do not extend into space as % as'^the 
widest limits hitherto assigned to the system of nebulse. 
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So tliat I am nolf* precluded from speakiug of orbs’> 
whose dight, though unrecognised by us, yet is ever 
pouring inPupon the earth, conveying, though in letters 
we cannot decipher, or even trace, a message which 
has taken milli ons on millions of years in traversing 
the awful gulf beyond which lie those mysterious 
realms. 

If we conceive, then, that man’s visual powers could 
suddenly he so increased that, without instrumental 
aid, he could look around him into the celestial depths 
piercing even to those outer galaxies which astronomers . 
have seen only imaged in the nebulae, how wide would 
be the range of time presented to him by the wonderful 
scene he would behold. There would blaze out Alpha 
Centauri witl^its record three years old; there the star 
in Cygnus as it existed ten years since; the whole host 
of stars known to man would exhibit records rangiug 
from a few years to many centuries in age ; and, lastly, 
the external galaxies, which are perhaps for ever hidden 
- &om the searching gaze of man, would reveal them- 
selves as they were ages on ages before man appeared 
upon the earth, ages even before this earth was framed 
into a^ globe, nay, ages perhaps before the planetary 
system’ had begun to gather into worlds aroun^ its 
central orb. , 

It is when we are thus contemplating in imagination 
the whole expanse of the universe, and, as one may 
almost say, the whole range of past time, that the 
autlTor of the little treatise I have spoken of invites 
us to consider two processes of thought having sole 
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f* reference to this earth on which t c live^ aiK'l to- that 
history which, though all-important to ourselvei^i seems 
to fade into such utter insignificance in the p“es*'tice of 
the grand history of the orbs which lie in uncounted 
millipns around us. 

To a being placed on some far distant orb, whence 
light would occupy thousands of years to wing its 
flight to us, there would be presented, if he turned his 
gaze upon our earth, and if his vision were adequate 
to tell him of her aspect, the picture of events which 
thousands of years since really occurred upon her 
surface. For the light which left the earth at that 
time, winging its way through space with the account, 
if we may so speak, of those occurrences, is now tra- 
velling as swiftly as when it left our earth, but amid 
regions of space removed from us by a light-journey 
thousands of years in duration. And thus to the ob- 
server on this distant orb, the events which happened ^ 
in those far-off years would seem to be actually in 
progress. 

But now conceive that powers of locomotion com- 
mensurate with his wonderful powers of vision were 
given to this being, and that in an instant of time he 
coul^ sweep through the enormous interval separating 
him from our earth, until he were no farther from us 
than the moon. At the beginning of that tremendous 
journey he would be watching events which were 
occurring thousands of years since ; at its close he would 
gaze upon the earth as it was one second only before 
he undertook his instantaneous flight ; so that, in the 
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course of his journt'y^ he would gaze upon a succession^ 
of events which had occurred during those thousands 
of years irpon the face of this little earth. 

The other conception is no less beautiful and striking 
— I may remark, also, that it is, in a scientific sensh, 
somewhat more exact.^ Suppose that a being armed 
with such powers of vision as we have imagined should 
watch from the neighbourhood of our earth the pro- 
gress of some interesting event. If he then began to 
travel from the earth at a rate equal to that at which 
light travels, Icie would see one phase of the event con- 
tinually present before him, because he would always 
be where the light-message recording that event was 
actually travelling. By passing somewhat less swiftly 
away, he wojuld see the event taking place with sin- 
gular slowness ; while by passing away more swiftly 
he would see the event occurring in inverted order. 
Suppose, for example, he were watching the battle of 
Waterloo, he could gaze on the fine picture presented 
Kanby the Imperial Guard as they advanced upon the 
English army, for hours, years, nay, for centuries or 
cycles ; or he might watch the whole progress of the 
charge occurring so slowly that years might elapse 
between each step of the advancing column, and the 
bullets which mowed down their ranks might either 
seem unmoving, or else appear to wend their way with 
scarcely perceptible motion through the air ; or, finally, 
he might so wing his flight through space that the 
Guard would seem to retreat, their dead men coming 
to life as the bullets passed from their wounds, until at 
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^ length the Old Gruard would be ^eon as it vv!uu 
it began its advance, in the assured hope of tiociding 
Waterloo, as it had decided so many hard“foi-*ght battles 
for its Imperial Chief. 

^ It may seem hypercritical to notice scientific in- 
exactness in ideas professed! fanciful. But as the 
author lays some little stress the scientific truth 
of the method in which his fancies are exhibited, and 
as, further, he dwells upon two of the more obvious 
objections to the first conception, it may be well to con- 
sider a further objection, which enforces on us a total 
change in the way of presenting the idea. He remarks 
that the being he has conceived to be borne towards 
the earth through a distance so enormous, would not 
see in a moment the whole history of the earth dur- 
ing the thousands of years considered, but only the 
history of that hemisphere which was turned towards 
him ; while, further, all that took place under roofs or 
under cover of any sort, would remain unperceived by 
him. But there is a more serious objection. Among^^ 
the events which have taken place during those thou- 
sands of years, have been thousands of revolutions of 
this earth around the sun, and more than 365 tlmfs as 

K 

many rotations of this earth upon her axis, say 
nothing «i*f the s^at. ly sway of the earth in her motion 
of precession, i^o %hsit our imaginary observer would 
in reality see the earth whirling with inconceivable 
rapidity upon its axis, and sweeping with even more 
tremendous velocity around the sun, so as to ^complete 
thousands of circuits in a s inglesecond. He would 
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see clouds formingoand vanisMiig in an amazing sn^-^ 
cessioite of changes^ all ^occurring in a single instant. 
And, eveis) though his powers of vision enabled him to 
pierce the cloud-envelope, he would not have a conse- 
cutive presentment of the various events occurring in 
any part of the earth. But only a hap-hazard succession 
of half days for each portion of her surface. 

However, we can easily see that, by a slight modifi- 
cation, the beautiful conception of our author can be 
made to illustrate one mode at least in which the 
events occurring upon our earth may be conceived to 
be at all times present to the thoughts of the Al- 
mighty, Imagine a sphere with S radius over which 
light would travel in the time which has elapsed since 
living creatures first began to move upon this earth, 
and having for centre the place occupied by the 
earth at that instant. Then, if we imagine millions 
of eyes over the surface of that sphere, all turned 
with piercing powers of vision upon the central earth, 
^^Tsve see that to these eyes the earth would be pre- 
sented by the record of light, not as she is now, but 
as she was at that primaeval day. Now conceive 
thes^ millions of eyes closing swiftly in upon the 
earth, but with this peculiarity of movement^ that, 
instead of being always on a sphere around a fixed 
point, they were always on a sphere around the posi- 
tion which was really occupied by the earth, when the 
light-messages started which those eyes are receiving 
at the moment. Then if that wondrous sphere con- 
tracted in an instant, according to the law assigned it. 
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^until its myriad millions ctf eyes \rero» gating intently 
on our earth from a sphere of hut a few thousand mlU-s 
in radius, the whole history of the earth, so far as light 
could render it, would have been in a moment of time 
presented before the myriad-eyed sphere. 

To apply this illustration tS the subject we are 
upon. We know that the Almighty is present where 
the boundary of our great sphere was placed at first. 
Before Him the light-messages are presenting the 
account of the primaeval earth. He also is present 
everywhere within the region through which the con- 
tracting sphere was conceived to pass. He therefore 
sees the whole histofy of the earth as presented by the 
hght-waves. We begin, however, already to feel that 
we cannot say of Him what we said of the imaginary 
being first thought of, or of the myriad- eyed contract- 
ing sphere, that in a moment of time He can see the 
whole history of the earth successively presented before 
Him. As He exists throughout that space there is 
no succession of time in His vision of the events tran- 
spiring on our globe. Past and present are one befoi'r . 
Him ; and we shall soon see that present and future 
also must be one in His sight. 

O ITN 

But now, still considering only the information 
which light conveys as it travels onward through 
space, we see that what is true of our earth is true 
also of every orb throughout the universe. The whole 
light-history of every such orb must be present at 
every instant of time to the Creator who h omni- 
present. So that to the obvious conception that God, 
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bfiipg eyery wLc! e, tnusl be cognisant of all things^ we^ 
bave to a'dd this fnTih«‘U c0ii;»fquence of His omnipre- 
sence, He must bo vjgnisant of the history of 
all things, lu the same sense that a man is cognisant 
of events which are passing before his eyes. * 

And, by extendm|* these considerations to other 
modes in which the history of an event is recorded, so 
to speak, by natural processes, we can see that a much 
more complete and definite picture of past events than 
light can convey, must be at all times present before 
the Almighty. A sense which could analyse heat-im- 
pressions as eyesight analyses light, would tell us not 
only what eye-sight tells us, but ^nuch that no light- 
messages can convey to us. At least it is conceivable 
that a sense of this sort would eSiable the being pro- 
vided with it to recognise not merely the nature of the 
surface of any body whose heat reached the organ of 
this sense, but the quality of the body’s internal struc- 
ture, processes going on within the body, or the nature 
bodies so placed that eyesight would not render us 
aensible even of their existence. Electricity, in like 
manner, would avail to give information altogether 
distinct from that which light can impart. And pre- 
cisely as, in considering light, we saw that the Creator 
must be supposed sensible of every light-record travel- 
ling through space, so, as regards these imaginary 
but conceivable senses, we must believe that any in- 
formation which they could by any possibility impart, 
must be conveyed to the omnipresent Grod. And 
further, it would be a contradiction to our belief in His 
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infinite wisdom to suppose tliat infinite m]jlti- 
plicity of the records thus coiftinually present before 
Him, could in any way render their signifiosince less 
distinct.* 

*But, turning from the consideration that the Al- 
mighty, by virtue of His omni]^esence, is thus cog- 
nisant, not merely of all that is at any moment taking 
place throughout the universe, but of all that has taken 
place in the infinity of past time, we have to consider 
another mode in which the universe must be regarded 
as present before Almighty God. 

The senses by which we judge of what is going on 
around us, are after S,ll merely one means by which we 
judge of causes by their effects. When we say, for 
instance, that we ha/e seen such and such an object, 
or watched such and such an event, what we really 
imply is that we have recognised certain physical im- 
pressions, which we can only explain by the existence 
of that object, or by the occurrence of that event. We 
know, in fact, that in certain exceptional cases im-.- 
pressions resembling those caused by the actual pre- 

* Moralising may seem altogether out of place in such a work as this, 
but certainly one is tempted to dwell somewhat thoughtfully oig^ the 
ideas raised by the considerations I have dwelt on above It is not with- 
out a feeding of awe that one considers that the records of every action 
of our lives are not merejy at this moment before Grod, but will for ever 
and ever be ireshly present to Him ; and that, not merely in the sense 
that He knows everything (an idea too vague for man rightly to grasp), 
but by the action of physical processes such as our Faradays and 
Tyndalls deal with. May it not be through an instinctive recognition 
of this great truth, that man alone, of all the creatures which pgople this 
earth, feels contrition for long-past misdeeds, even where he has no fear 
of their ever bearing fruit in future sorrows ? 
f 
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se»^o of an objer*(. by Ihe actu^bccnrrence of some 
event, may arise "ivlioro do sucL. object ias been present, 
or wheiv bo such event bas transpired. Still, we 
comm^nl} feei safe from error, in concluding from 
certain impressions conveyed to the mind by the ageifcy 
of the visual organs,^ that certain objects have been 
really present, at rest or in action, before us. 

But then, even man, limited as are his powers, can 
yet follow a series of effects and causes far more 
numerous than those concerned in the act of vision ; 
and so he can become certain of the occurrence of past 
events of which no sense he possesses gives him any 
direct information. For exampiie, though I neither 
saw the battle of Waterloo nor^ neard the thunder of 
the guns there, yet I am as that the battle 

really took place as though sight and hearing had 
given me direct information on the matter. And 
wheii I inquire whence that certainty arises, I find 
a complicated series of events involved in my acqui- 
^ sition of the knowledge that the battle took place. 
My interpretation of the letterpress account of the 
battle involved in itself a number of more or less 
ob^lex relations, associated with the question of 
rriy* confidence in those who taught me that certain 
symbols represented certain lettO’S, that certam com- 
binations of letters represented certain words, and 
that certain words represented certain ideas. Not 
to follow out the long train of ideas thus sug- 
gesteds it will be clear that, with regard to a variety 
of matters, the knowledge which any man has 
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§s|ociated with, considerations of cri/use and effect, of 
general experience, of confidence in the accoimts of 
others or in his own judgment, which are inoreality of 
a highly complex character. 

*Now we are led by these thoughts to remember that, 
independently of those records *?)f past events which 
are brought continually before the Almighty by pro- 
cesses resembling those which directly affect our 
senses^ such events must be recognisable by Him 
(even to their minutest details) in the consequences 
which they have led to. If a great naturalist like 
Huxley or Owen can tell by examining the tooth of a 
creature belonging t6 some long extinct race, not only 
what the characteristics of that race were, but the 
general nature of ^he scenery amidst which such 
creatures lived, we see at once that a single grain of 
sand or drop of water must convey to the Omniscient 
the history of the whole world of which it forms part. 
Nay, why should we pause here ? The history of that 
world is in truth bound up so intimately with the 
history of the universe, that the grain of sand or drop 
of water conveys not only the history of a world but 
with equal completeness the history of the whole 
universe. 

The Almighty then, by virtue of His possessing in 
an infinite degree Aat quality which enables man to 
reason upon past events of which his senses bring him 
no direct intelligence, has the whole past history of the 
universe continually present before Him, in the st£te 
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ttild position of e?vh single atom throughout infinity of 
space,* 

Tornicg from the p’st to the future, we must not 
let the limited nature of our recognition of the course 
of future events prevent us from forming a just opinion 
as to the way in whfch the future must he always 
present before God. We can judge of the past by its 
effects, but we are almost utterly unable to judge of 
the future by its causes. Yet we cannot doubt that 
the future is present in its germs, precisely as the past 
is present in its fruits. It may be regarded in fact as 
merely a peculiarity of man’s constitution that the 
past is more clearly present to hfe mental vision than 
the future. It is easy not only to conceive that the 
future and the past should b^ equally present to 
intelligent creatures, but to conceive of a form of 
intelligence according to which past events would be 
obliterated from the mind as fast as they took place, 
while the future should be as actually present as to the 
^ ordinary human mind the past is. 

In considering the Omniscient, however, all ques- 
tions of degree must be set on one side. The future 
must be as absolutely and essentially present to Him 
in its germs as the past has been shown to be in its 
fruits. If a grain of sand contains in its state,*^figure, 
and position, the picture of the umverse as it is, and 

* In fact, if we consider the matter attentively, we see that there 
cannot be a single atom throughout space which could have attained its 
present exact position and state, had the history of any part of th^ 
universe, ‘^however insignificant, been otherwise than it has actually been, 
in even the minutest degree. 
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whole history of the universe thicoughout the infi- 
nite past — and who can douFt that this is SQ,? it 
contains with equal completeness the histo}^y of the 
umverse throughout the infinite future. No other view 
is compatible with the assumption of the Almighty s 
infinite wisdom, and no assumption which limits the 
wisdom of Grod is compatible with our belief that He 
is supreme in the universe. 

Obviously also every events however trifling, must 
be held to contain in itself the whole history of the 
universe throughout the infinite past, and throughout 
the infinite future. Tor every event, let its direct 
importance be what It may, is indissolubly bound up 
with events preceding, accompanying, and following it, 
in endless series of cdfiisation, inter-action, and effect. 

So far, then, as the Almighty’s watch over His 
universe is concerned, we have two lines of thought, 
each leading to the recognition of a perfect super- 
vision. In virtue (1), of BBs omnipresence, and (2) of 
His infinite wisdom. He sees at each instant the whole 
universe as it has been in the infinite past, as it is now, 
and as it will be in the infinite future ; and this being 
as true of any one instant as it is of any other, we 
recognise the operation of yet a new form of infinity — 
the infinite duration of the Almighty’s existence — to 
render yet more inconceivably perfect God’s super- 
vision of His universe. 

And now with regard to control. Does the Almighty, 
who supervises all things, exercise any controUifig 
action upon the course of events ? 
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need hardly Jdc said that, if God does exercise 
control, apart from the Jaws which He has assigned to 
His nnivfyrse, His knowledge of the progress of past and 
future events is not therefore to he called in question, 
since His own direct action, whether in the past or In 
the future, is quite ss much the subject of His con- 
sciousness (to use this word for want of a better) as 
the action of His creatures or of the laws He has pri- 
marily set them. 

We know that certain laws have been assigned to 
the universe, and we know also, that, so far as our 
very limited experience enables us to determine, these 
laws are never abrogated.* H^e I set altogether 

* All things working thus according to however, certain dijQS- 
eulties suggest ^themselves which must not he left xmdealt with, since 
not to consider them might he to leave painful doubts in the minds of 
some who may read these pages. 

In the first place, there is the old question of the relation between 
man’s free-will and the absolute foreknowledge of Almighty God. It 
seems clear to many that if all things are foreknown there can be no 
such thing as fcee-will, insomuch that some have even felt forced to 
^believe that the Almighty, though undoubtedly omniscient, must in a 
sense forego His knowledge of future events so that the actions of men 
may be subject to the control of their will. But in reahty we have 
only to consider the analogy of human foreknowledge, to see that there 
is no necessity for any theory so self-contradictory as this. We have 
alreaCy considered other attributes of the Almighty as in a sense re- 
sembling, though infinitely exceeding in range of action, certain attributes 
of man; let us then inquire whether that attribute of man which, 
though imperfect and hmited, yet correspondb to the foreknowledge of 
God, affords us any reason for believing that perfect foreknowledge bars 
the exercise of free will. The answer is obvious at once. We know 
that we often judge, with more or less certainty of conviction, that such 
andj^such acts wih be performed by others, and that yet our anticipation 
in no sense influences the wiU of the persons who are expected so to 
act. Suppose I remember, for example, that I have left a valuable 
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aside, for the moment, the possibility of miracles,^and 
consider only the results of experimental or o^tserva- 

in a room whicli will presently be passed through by one whom I 
know to be dishonest, I judge accordingly that the person will pur- 
loin the valuable. In this ease his free-will is not affected by my 
anticipation, nor would it be though a yet clearer conviction of his 
conduct were impressed upon me. Theffe is, in fact, no conceivable 
degree of certainty on my part which would render him undeserving of 
punishment for stealing the valuable And so, not to give further 
instances where the matter is so obvious, we see that no conceivable 
degree of foreknowledge bars free-will. The infinite and absolute fore- 
knowledge of the Almighty is therefore altogether dissociated from 
the dangerous and hurtful behef in a predestination which renders man 
irresponsible for his actions. 

Secondly, the behef in the absolute perfection of the laws according 
to which Grod rules His universe, insomuch that throughout all the 
worlds in space all thing^work according to those lavis without need 
of special interference on His part, has been thought by many and is 
painfully felt by some, to oppose itself to our belief in the efficacy of 
prayer In touching on tnis point I wish very carefully to avoid any 
intrusion on matters apart from the general scope of my subject; but a 
few words may be permitted me on a point which comes close home to 
the hearts of all of us, and which also does seem in a sense associated 
with the matters I have been dealing with. All men, I suppose, pray ; 
though many may in words deride prayer, and though himdreds, without 
expressing doubts, may fail to see any possible utility in the practice^ 
because they cannot believe that the action of the physical laws of dod 
can be interfered with in answer to the appeal of His creatures It is 
because I fear lest some of my readers should have felt this difficulty, 
and should find their doubts confirmed by anything I may here have 
written, that I indicate the explanation which I suppose every one 
who thinks much upon this point would probably be led to. E’^mem- 
bering that, on the one hand, it is unreasonable to conceive that G-od 
would Save allowed a belief in the efficacy of prayer to grow, as it has 
done, to be a part of Amman nature, were that belief founded in a 
monstrous fiction, and that, on the other hand, it is unreasonable to sup- 
pose that physical laws are interfered with in response to the millions of 
prayers daily offered by men, the obvious conclusion seems to be that 
prayers are responded to (where it has seemed fitting that they should 
be) without interference with natural laws ; that, in fact, the sclleme 
of the Almighty includes at once the prayers and their response. It 
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tion^i science. Tbus, we are led to tlie conclusion 
that aH things happen ^cording to set physical laws ; 
and withoiltj by any means, adopting the view that the 

seems baffling, indeed, to human thoughts that such an infinity of varied 
interests should thus be provided for, in a scheme whose extent covers 
the infinity of past and futuiTi time , but where infinite wisdom is in 
question this consideration need not trouble us. Nor is this particular 
mode of control inconsistent even with our merely human conceptions 
of what IS reasonable Tor instance, a father, desirous at once of testing 
and rewarding the obedience of a son, might tell him to go to such a 
place and to open such a box, having beforehand placed therein a 
reward for his son’s obedience. Here the fulfilment of the father’s 
request would no more result in bringing the gift to the box, than our 
fulfilment of the duty of prayer can cause the laws of nature to cease or 
change in their operation ; yet obedience would in the one case, as we 
can conceive it does in the other, in reality bring about its own reward. 
And, further, it may be remarked that, precisely as the greater or less 
certainty of the father as to his son’s obedience would m no sense affect 
the latter’s merit, so neither does the absolulJ foreknowledge of G-od as 
to the prayers wldch His creatures will offer up, affect in any sense the 
merit which He has been pleased to recognise in the sincere performance 
of the act of prayer. 

Lastly, there is the difficulty as to our belief in miracles — that is, in 
events which involve the temporary suspension or alteration of natural 
laws. It must be remembered here that recent physical researches, 
though they have enabled us to interpret so many of the laws of nature, 
yet tell neither for nor against our recognition of the possibility of 
miracles. It belongs to the very essence of a miracle that it should be 
an event which no physical researches can explain, or indeed can affect 
otherwise than to render it the more inexplicable. The question is, not 
wheth^c such and such an event is more or less wonderful to the un- 
learned Hodge or Styles on the one part, or to a Newton or a Faraday 
on the other, but whether an event can really take place in wffich the 
laws of nature have absolutely been annulled a|»fi abrogated. I take it, 
for instance, that if we could see a hungry multitude fed with a few 
loaves, and were absolutely certain that so many thousands had been 
satisfied with what would naturally be the food but of a fow, our wonder 
would not be greater or less whether we viewed the matter as a labourer ^ 
would, whp simply knows what hunger is and what is needed to satisfy 
it, or whether we were familiar with the analysis of bread and com- 
parted the amount of fibrine and albumen contained in the loaves with^ 

T 
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Almiglity exercises no special contr®! over His tmiv^rsej 
we see strong reason to believe that the laws which He 
has assigned to it are sufficient for the cotrfcrol of all 
things. Indeed, so far as all things take place in 
acco^rdance with laws which the Almighty must as- 
suredly have Himself ordained, "we may say that every 

“what we knew of the daily or hourly exhaustion of the corresponding 
materials in the human frame 

The arguments in favour of miracles or against their having occurred 
(of their possibility there need be no question) are the same now as they 
were in less scientific ages Those who believe in the occurrence of 
miracles argue thus • — M&n differs from all other terrestrial creatures 
in being responsible to his Creator. Thus between him and Almighty 
<3-od there is a direct relation, which renders it necessary that the will 
of God should be communicated to man. Now we can conceive no 
way in which such a communication can be made in an unmistakable 
manner, but by events v^ich involve an unmistakable exercise of a 
power belonging to God alone — that is, by events of a supernatural 
character The believer in miracles further argues that nothing tending 
to prove the impossibility (in a natural sense) of an event of this sort, can 
be accepted to disprove its occurrence, since what is essentially requisite 
to the very purpose of a miracle is that it should be in a natural sense 
impossible. Nor is it necessary that any recorded miracle should be in 
itself of a striking or imposing character, so long as its connection with 
the communication of God’s will in a special manner is reasonablj^ 
established, since the tnviality or non-triviality of an event whose 
miraculous character is in question is to be judged only by the circum- 
stances of those for whose instruction the miracle is supposed to have 
been worked 

The argument against the occurrence of miracles has been &eady 
considered. As has been pointed out, it not only does not meet the 
argument just stated, but rests on the very fact which constitutes the 
basis of that argument — the fact, namely, that the occurrence ^of 
miracles is contrary to experience. It is obvious, then, that the con- 
siderations I have urged as to the nature of God’s control over His 
universe, need not be regarded as in the slightest degree affecting the 
" belief of men in those direct relations between God and man ^hich 
have been held to involve the necessity of miracles. To spdak further, 
however, on this matter would bring me to deal with that subject which 

have selected to avoid. 
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eveiJTt which has ha5)pened or will happen throughout^ 
infinite* time^ is the diffot work, and indicates the di- 
rect purpose and will, of Almighty God. Nor need 
the thought that the Almighty thus seems to be made 
the author of evil as well as of good in any way startle 
us, because we know that what constitutes evil or good 
in our limited vision may by no means be accepted as 
indicative of what is evil or good as the work of God. 
We know, limited as our wisdom is, that evil often 
works to good, so that if the Almighty, whose wisdom 
extends over the never-ending chain of sequent events, 
seems, by permitting evil, to, in a sense, countenance it, 
we are to recognise the sequent good as in truth His 
work, and to regard that which is objectively evil (and 
actually evihin the creature who does it) as subjectively 
good in Him who permits it with a perfect knowledge 
of all that in the infinity of future time is to flow 
from it. 

Now it seems conceivable that in reality it is only 
cour limited acquaintance with the operation of the 
laws which God has set His universe, which makes us 
regard them as unchanging, and, so to speak, in- 
exorg-ble. There seems, indeed, reason rather to ex- 
pect than to deny, that He who made the laws^ may 
annul or suspend them at His pleasT;i;re. 

But I think that this view — though it has been 
entertained by many thoughtful men, especially be- 
cause it seems to give the Almighty a special con- . 
trolling "power over His universe — is in reality incon- 
sistent with just conceptions of His infinite wisdom.^ 
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nl£ His wisdom, thougb. inconceivably great, were’ yet 
finite, we could not suppose tSat the universe? would 
have been so planned (still to use inexactSvords for 
want of better), and laws of such a nature assigned to 
it, th^t throughout the infinity of time all things should 
work out the will and purpose of Almighty God, 
There would then, undoubtedly, be continual need of 
adaptation, change, remodelling — of the annulment of 
a law here, or its suspension there — ^in order that the 
whole might not fall to wrack. But where the God 
of nature is infinitely wise, there can be no such 
necessity. The whole scheme of the universe must 
needs be so perfect that direct intervention cannot at 
any time be req^uired. 

To sum up, we find ourselves led to the^ belief that, 
while intervention with the operation of natural laws 
is unnecessary, all the worlds existing throughout 
space are, in a very definite and special manner, 
watched over and controlled by an omnipresent, om- 
nipotent, and omniscient Being ; that before Him the 
infinite past and the infinite future of the universe are 
at all times sensibly present ; that each the minutest 
atom and every the least important event exhibilis be- 
fore at each instant the perfect history of the limit- 
less past and future of the universe ; and lastly, that 
His infinitely perfect consciousness of, and control over^ 
all that has been, is, or will be, are infinitely multiplied 
^ (to use the only available expression) by the infinite 
duration throughout which His existence extends. 
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